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Preface 


Dear Friends : 

It is indeed a proud moment for Indian Society of Critical Care Medicine (ISCCM) to launch the first Critical Care 
Update 2017 book during its annual congress in Kochi. Over the years, attendance at ISCCM congress has been increasing 
exponentially and a scientific congress book highlighting the key topics discussed in the congress was long overdue. This 
book has around 80 chapters authored by national and international faculty covering all the major topics which will be 
discussed during the congress. This update will highlight the recent advances made in the field of critical care with special 
reference to its relevance and application in resource limited settings. A special section on "Economics of ICU" is worth 
mentioning. We sincerely hope this book will be useful both for young intensivists to promote analytical thinking, post 
graduates to keep abreast of recent advances, and also to senior clinicians. The publication of this book was possible only 
through a joint effort from the members of the editorial board, authors, and the publisher. We hopethis book will continue 
to be published in the future congresses. i 


Subhash Todi 
Atul P Kulkarni 
Kapil Zirpe 
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Fluid Therapy in 
Resource-limited Settings 


Sameer A Jog, Maurizio Cecconi, Swapnil R Patharekar 


“INTRODUCTION č 
Intravenous fluid administration is the most common 
therapy used in the intensive care unit (ICU). Judicious use 
of intravenous fluids is essential in an ICU. The challenge is 
greater in limited resource settings since there is paucity of 
reliable parameters to guide fluid therapy. The "resource- 
limited setting” need not always be associated with 
economical as well as situational constraints like availability 
of appropriate ambulance or emergency room services in 
mass casualty situations. 

Hypotension present at the hospital admission is asso- 
ciated with a significant mortality and studies have shown 
that early fluid therapy is associated with better outcomes.! 

On the other hand, overzealous fluid therapy is also 
associated with many complications, e.g., pulmonary edema. 
Excessive fluid administration may be proinflammatory and 
potentially injurious.*“ It is, thus, imperative to know how to 
give the right amount of fluid. 

Unfortunately, there is a paucity of good quality data 
in the field of fluid therapy. Hence, the decision-making in 
an individual patient is always a difficult task. Considering 
this background, optimum fluid therapy in a given patient, 
in a given setting, always remains a challenge for a treating 
physician even in a well-equipped, resource-rich-ICU. In a 
resource-limited setting, this problem is even more complex. 


& DEFINING RESOURCE-LIMITED SETTING 


When we say resource-limited setting in the context of 

intensive care medicine or emergency medicine, at least the 

following resources should be available for patient care. They 

are: ` i 

e Good clinical examination, 
hypoperfusion 

e Atleast 3-lead electrocardiogram monitoring for rhythm 
and rate 

e Accurate noninvasive blood pressure measurement 
instrument 


especially to detect 


e Instrument for measuring oxygen saturation 

e Facility for urinary catheterization and measuring half or 
one hourly urine output 

e Peripheral intravenous access by a large bore cannulas 

e Incase of total vascular collapse—central venous access 

e Necessary intravenous fluids like crystalloids and 
dextrose solutions 

* Pressure bags to deliver the fluids at fast rate 

e Oxygen therapy devices like oxygen cylinders, masks, and 
venturi 

e Basic resuscitation drugs. 


g SHOCK ® — — 


It is a life-threatening, generalized form of acute circulatory 
failure associated with inadequate perfusion to the tissues.! 
It could be hypovolemic, cardiogenic, obstructive, or 
distributive. The presentation of these shocks can overlap 
with each other, like patient presenting with shock due 
to hypovolemia owing to external blood loss can develop 
infection and lead to worsening of shock. 


gFLUIDTHERAPY — — 


The most important physiological target of fluid adminis- 
tration. is to improve tissue perfusion. Hemodynamic 
optimization with fluids has shown to improve patient 
outcome when applied in the early phases of sepsis and in 
the perioperative period.^? Fluid administration is, hence, 
considered as therapy. 

The following points should be considered while adminis- 
trating fluid therapy in ICU in resource-limited settings. 


Baseline Patient Demographics 


Thisis one of the most important determinants offluid therapy. 
Following patient groups barely respond to fluid and, in 
fact, overzealous fluid therapy in these patient groups can be 


detrimental:”* 
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e Chronic renal failure with anuria 

e Acute coronary syndrome 

e Acute and chronic decompensated heart failure 
e Pulmonary embolism. 


Indications 


The indications relevant to resource-limited settings are? 
e Hypotension due to any cause 
* Increased requirement of vasopressors 
e Decreased urine output 
e Increased skin mottling. 
Most common indication for fluid therapy, as suggested 
by the Fluid Challenges in Intensive Care (FENICE)? study, is 
hypotension due to any reason. 


Type of Fluid" 


Resuscitation fluids can be divided into two broad 

categories—colloids and crystalloids. 

1. Colloids: The colloids are aqueous solutions that contain 
both large organic macromolecules and electrolytes. 
Colloids are subdivided into natural and synthetic 
colloids. A ý 
a. Natural colloid: Albumin is the prototype of natural 

colloid. It was also the first colloid solution used 
clinically. It is harvested from human plasma and is 
available in different concentrations like 4, 5, 20, and 
25%. 
Saline versus Albumin Fluid Evaluation (SAFE)? 
and Albumin Italian Outcome Sepsis (ALBIOS)!? 
trials have clearly shown that use of albumin does 
not offer any advantage over crystalloids. In fact, 
use of albumin can be detrimental in patients with 
traumatic brain injury.!! Though there is some 
advantage for using albumin in early sepsis, the 
evidence is not strong enough to recommend its use 
in resource-limited settings. The cost of albumin is 
also a deterring factor to use it in these settings. 

b. Synthetic colloids; They are divided into three 
groups—starches [hydroxy ethyl starch (HES)J, 
gelatins, and dextran. These colloids were promoted 
as cheaper alternative to albumin. 

i. Gelatins: These are derived from bovine gelatin, 
their colloid base is protein. 

ii. Dextran: It is a carbohydrate based colloid. 
Bacteria make this polysaccharide molecule 
during ethanol fermentation. 

iii. Hydroxy ethyl starch: Hydroxy ethyl starch are 
derived from the starch of potatoes or maize, 
and their colloid base is a large carbohydrate 
molecule. Solutions of molecular weight like 130, 
200, and 450 kD are available. 

Based on current evidence, colloid use is not 

recommended in the ICU. Colloid usage has shown 

to increase incidence of acute kidney injury (AKI) 


and need for renal replacement therapy.'** Though 
there is some controversy due to emerging evidence 
from recent trials! the overall consensus is to 
avoid their usage in the ICU. Also, as colloids are 
costlier than crystalloids, their usage in resource- 
limited settings is limited. 
2 Crystalloid solutions: These fluids are the first choice for 
fluid resuscitation. They are well-tolerated and inexpensive. . 
a. Sodium chloride (saline): This is the most commonly 
used crystalloid solution globally. There are few 
concerns about the high chloride content of normal 
saline, incidence of hyperchloremic metabolic 
acidosis, and renal replacement therapy;'^* then 
again, evidence is not strong enough to discard its 
use routinely. 
b. Balanced or physiological solutions: These are 
derivatives of Hartmann's and Ringer's solutions. 
Due to their cost, regular use of these fluids in resource- 
limited settings is not recommended. In addition, 
currently there is no strong evidence to support the 
routine use of balanced crystalloids in the ICU.!° 


Volume and Dose 


It is very difficult to generalize dose and volume of fluid. The 
requirements as well as response vary greatly during the 
course of any critical illness. Also, no single physiological or 
biochemical parameter is particularly useful to decide about 
fluid responsiveness. However, systolic hypotension and 
oliguria are used as triggers to administer a fluid challenge. It 
ranges from 200 to 1,000 mL of crystalloid for an adult patient. 

Surviving Sepsis Campaign has recommended an initial 
fluid resuscitation of 30 mL/kg of crystalloids in septic patients 
with hypotension and/or lactate more than 4 mmol/L. A fluid 
challenge should consist of a volume large enough (no more, 
no less in theory) to raise the mean systemic filling pressure”? 
and increase venous return (cardiac output) in a preload 
responsive patient. Also, importantly, fluid resuscitation 
needs to be individualized to the patients need and clinical 
indication. In the perioperative period volumes between 
250 and 500 mL of fluids is routinely used.”! Most studies 
involving nonsurgical patients have used fluid challenges of 
500 mL given within 30 minutes.” 


Initiation and Endpoints 


In resource-limited settings, where advanced laboratory 
testing or hemodynamic monitoring are lacking, the task of 
identifying early stages of circulatory dysfunction mainly relies 
on proper clinical examination and basic laboratory testing. 


Heart Rate 


Heart rate (HR) is an easily available tool to assess fluid 
responsiveness in resource-limited settings. The contribution 
of HR to cardiac output and regulation of blood pressure 


is crucial. Tachycardia is an important early sign of shock? 
However, tachycardia in shock could partly be due to other 
factors, including pain, stress, or anemia. In addition, 
bradycardia could be present in severe hypovolemia. The 
specific value of HR to guide resuscitation has been poorly 
studied. It is also obvious that a decrease in HR after a fluid 
challenge indicate fluid responsiveness. However, the HR 
responses in studies testing the fluid responsiveness in ICU 
patients were variable. While some studies found a significant 
decrease in HR after fluid administration in responders,” 
others reported no change in HR after fluid challenge in spite 
of having a significant increase in cardiac index.” Therefore, 
HR alone cannot be used to predict fluid responsiveness. 


Blood Pressure 


Components of blood pressure are? systolic arterial pressure 
(SAP), diastolic arterial pressure (DAP), mean arterial 
pressure (MAP), and pulse pressure (PP). 


Systolic arterial pressure 


A SAP value lower than normal (e.g., 90 mmHg) rhay be 
associated either with a normal DAP (e.g., 80 mmHg) or 
a low DAP (e.g., 50 mmHg). If PP is not low, then no clear 
information on stroke volume can be drawn. Also, if pulse 
pressure is low as in first case, stroke volume is expected to 
be low, especially in cases of stiff arteries. Knowledge of the 
sole value of SAP is, thus, not good guide to decide about 
requirement of intravenous fluids. 


Diastolic arterial pressure 


The factors which determine DAP are arterial tone and HR. 
Therefore, a low DAP (e.g., 50 mmHg) suggests a low arterial 
tone, especially in the case of tachycardia. A low DAP, thus, is 
indication for use of vasopressor, although fluids can also be 
given in septic shock patients. Hence, DAP value alone also 
cannot indicate fluid requirement. 


Mean arterial pressure 


A low MAP may be associated with cardiogenic shock 
(right or left) for which fluid therapy can be detrimental. 
Conversely, during hypovolemia, MAP can be maintained 
due to compensatory mechanisms that increase vascular 
resistance. Thus, any particular level of MAP as trigger for 
fluid challenge can be misleading. 

Again, MAP alone may not be sufficient to determine 
adequacy of fluid resuscitation. An increase in MAP after 
fluid challenge may indicate positive response but absence 
of it does not suggest that patient is not fluid responsive. 


Pulse pressure 


A low PP suggest low stroke volume and in the presence of 
shock, this would encourage fluid administration, unless 
signs of pulmonary edema are present. However, the need 
of fluid therapy is not absolutely certain since low stroke 
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volume can also be due to cardiac failure. In patients with 
stiff arteries due to aging or comorbidities, PP may not be low 
in spite of low stroke volume. 

In spite of this, changes in PP follow the changes in cardiac 
output induced by fluid infusion more reliably than MAP. 

More importantly, results are more or less similar 
irrespective of the method of measurement of arterial blood 
pressure which may be arterial catheter or noninvasive 
oscillometric automated brachial cuff. Also, the presence of 
arrhythmias do not change the results"? Hence, PP is one 
of better index for fluid administration in resource-limited 
settings. 


Shock Index 


Shock index (SI) is the ratio of HR divided by SAP (HR/ 
SAP). Normal value for SI range is 0.5-0.7 in healthy adults. 
Since isolated HR or SAP may not be sufficient to detect 
early phases of shock or hypovolemia. An SI was originally 
described in trauma patients? Shock index has a linear 
inverse relationship to cardiac output and stroke volume.!? 
An SI 21.0 has been associated with a bad outcome in shock 
patients?" In trauma patients, it can be used to stratify 
patients for increased transfusion requirements and early 
mortality.?? Therefore, it is considered as the most important 
vital sign to detect acute hypovolemia and circulatory failure 
in trauma patients. It has also shown relevance in septic 
shock patient as well and correlate well with lactate levels. In 
summary, SI is one of easiest, reliable, and inexpensive vital 
sign which can be used in patients with shock to determine 
volume responsiveness. 


Capillary Refill Time 


Itis defined asthe time taken for color to return to an external 
capillary bed after pressure is applied to cause blanching. It 
can be measured by holding a hand higher than heart level 
and pressing the soft pad ofa finger or fingernail until it turns 
white, then taking note of the time needed for the color to 
return once pressure is released.?? 

Normal values for capillary refill time (CRT) are «2 seconds 
in young individuals and values up to 4.5 seconds are normal 
in the elderly.” Capillary refill time can assist in assessment 
and prognostication of trauma, major abdominal surgery, 
and early septic shock patient??? Patients with abnormal 
peripheral perfusion presented with higher lactate levels and 
have a higher incidence of circulatory complications. 

Capillary refill time is a rapid flow-responsive parameter 
that can be used in limited-resource settings as a trigger and 
response during fluid resuscitation.? A recent study has 
demonstrated that the use of CRT as a guide for fluid therapy 
is associated with almost 2 L of lesser fluids in comparison to 
the classic approach, and also to a lesser organ dysfunction.* 

Despite this, itwas used as a trigger for fluid resuscitation in 


less than 8% of cases in the FENICE trial. Limitationsforuseof 5 


SECTION 1: Hemodynamic Monitoring and Resuscitation 


CRT can be interobserver variability, skin color, and influence 
ofambient temperature.” In spite of this, ease of doing it and 
valuable information that it can give, this parameter needs 
justice in resource-limited settings. Routine use of CRT is 
highly recommended for trigger, guide, prognostication, 
and stratification during fluid resuscitation process. Normal 
CRT after fluid challenge denotes good prognosis while the 
opposite is associated with increased mortality. 


Mottling Index 


Mottling is defined as patchy skin discoloration that usually 
starts around the knees. It is due to heterogeneous, small 
vessel vasoconstriction, and is thought to reflect abnormal 
skin microperfusion. Mottling is easily available sign that can 
be used for assessment of circulatory dysfunction.?* 

It has been shown to predict mortality in septic shock. 
Mottling is quantified according to a mottling score. Score 
varies between 0 and 5. A higher score correlates with 
increased mortality. High doses of vasopressors can also 
increase skin mottling and lead to purpuric changes. 


Jugular Venous Pressure 


The jugular venous pressure (JVP) is the indirectly observed 


pressure over the venous system via visualization of the 
internal jugular vein? The patient is positioned at 30°, and 
the filling level of the internal jugular vein determined. In 
healthy people, the filling level of the jugular vein should 
be <3 cm vertical height above the sternal angle. Low JVP 
usually indicated fluid responsiveness. With high JVP, one 
should be cautious about fluid resuscitation.” There are 
many limitations of JVP, like assessment of JVP is technically 
complex, difficult to interpret, and is very subjective. The JVP 
also does not correlate well with CVP. More importantly, it can 
be used as a safety limit for fluid resuscitation. A significant 
increase in JVP before or during fluid resuscitation should 
alert clinician of fluid overload. : 


Urine Output 


During early shock, multiple neurological and hormonal 
mechanisms get activated to maintain blood flow to vital 
organs including kidney. Secondary functional changes in 
renal blood flow, glomerular filtration, or tubular function 
may result in oliguria.*° However, oliguria is a nonspecific 
symptom and could also be present in mild dehydration 
without hypoperfusion and in major surgery which may or 
may not reflect renal or systemic hypoperfusion during early 
shock. Impoyjantly, during septic shock and post major 
surgery, the presence of profound intrarenal microcirculatory 
abnormalities that are triggered by proinflammatory 
mediators are the main mechanisms for pathophysiology 


of AKI than hypoperfusion and these abnormalities do not 
revert with systemic flow increasing maneuvers.*® 

Despite these limitations, oliguria is used as a trigger 
and target for fluid resuscitation in 1896 patients? On the 
contrary, several studies have shown that positive fluid 
balance is associated with morbidity and mortality in 
patients with AKI in different settings." Fluid overload in 
these situations may lead to cardiac dysfunction and intra- 
abdominal hypertension which may hasten the onset of AKI 
and perpetuate oliguria. 


Blood Lactate Levels?? (Box 1) 


The normal serum lactate level in resting humans is 
approximately 1 mmol/L (0.7-2.0). The value is the same 
in venous or arterial blood. Use of a tourniquet can lead to 
pseudoelevation of lactate level. An increase in serum lactate 
levels may indicate poor tissue perfusion. Large data are now 
available to indicate serum lactate levels as an appropriate 
target for fluid resuscitation, and is recommended to use 
as surrogate measure of tissue microperfusion. Repeated 
measurements of lactate concentrations over time are 
particularly useful for monitoring the response to therapy. 


Box 1: Factors that may contribute to hyperlactatemia - 
Increased production of lactate 

o Tissue hypoxia 

o Increased aerobic glycolysis 

© Inhibition of pyruvate dehydrogenase (in sepsis) 

o Methanol/ethylene glycol/propofol toxicity 

o Thiamine deficiency 

Decreased clearance of lactate 

© Liver dysfunction or failure 

© Cardiopulmonary bypass (minor reduction in clearance) 
Exogenous sources of lactate 


o Lactate buffered solutions used in continuous venovenous 
hemodiafiltration 


o Medications (metformin, nucleoside reverse transcriptase 
inhibitors, long-term linezolid use, intravenous lorazepam, and 
valproic acid) 


© Hematologic malignancies 


E CONCLUSION 


Appropriate fluid therapy in a resource-limited setting is 
really a challenging issue. On the background of paucity of 
evidence based guidelines, this task is more complex. Use of 
basic parameters and sound understanding of physiology will 
definitely enhance the decision-making ability of a physician. 
However, at the bedside in an emergency situation, one may 
have to use his/her own discretion to answer the million 
dollar question “how much fluid?” 
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How Much Fluid is 
Too Much Fluid? 


Srinivas Samavedam 


& INTRODUCTION. 
Intravenous fluid therapy is one of the most common 
interventions performed on hospitalized patients. Patients in 
theemergency room, intensive careunit (ICU), and operating 
room probably receive this intervention more often than 
others. Fluid therapy, when driven by scientific rationale 
and principles is the cornerstone of most resuscitation 
algorithms. The benefits of prompt fluid resuscitation in 
terms of organ perfusion, hemodynamics, and acid-base 
homeostasis cannot be overemphasized. However, like any 
other pharmacological intervention, fluid therapy, when 
excessive can increase the mortality and adds to themorbidity 
of critically ill patients. It is, therefore, important to know the 
limits to which this intervention can be stretched. This review 
will attempt to summarize the methods of identification of 
fluid overload (FO) and.the parameters which define too 
much fluid. 


ij IS THIS A RELEVANT QUESTION? 


The adverse effects of fluid therapy, which is either delayed 
or denied, are well known. The effects of sedatives and 
vasoactive drugs are also influenced by the volume status of 
an individual. However, over the last decade or so, evidence 
has emerged, questioning the unmeasured and unqualified 
administration of fluids. In fact, fluid therapy during critical 
illness has been labeled a double-edged sword.’ The advent 


of bioimpedance, widespread availability of ultrasonography 


(USG), reemergence of thermodilution techniques for the 
assessment of extravascular lung water (EVLW), coupled with 
the understanding of the nature of the endothelial glycocalyx, 
have shed more light on the adverse effects of positive fluid 
balance (PFB) on the outcomes of critically ill patients. 


5 WHAT DOES POSITIVE FLUID BALANCE DO? 


Almost every organ system suffers from the adverse effects 
of PFB. The most well-recognized complication of PFB is 


TABLE 1 Side effects of a positive fluid balance 


: Adverse effects 


| Brain | Cognitive changes delirium — — — — — | 
| Myocardium Contractility change, diastolic dysfunction, 
| scale te ee 
“Lungs -Gas exchange effects, compliance change —— 

Liver UE | Cholestasis, synthetic dysfunction - m" 
| Kidneys E | Glomerular filtration rate reduction, salt and fluid | 
pretention: ED ee tuit eot d 
| Bowel. | Malabsorption, i compartment syndrome _ | 
Peripheral — Microcirculatory changes, delayed wound healing | 
; tissues | B 


intra-abdominal hypertension. Encapsulated organs, such as 
the liver and kidney, have limited capacity to accommodate 
excessive interstitial fluid. As a result, PFB results in a reduced 
perfusion or venous drainage of such organs resulting in 
ischemic injury. Table 1 depicts the adverse effects of PFB on 
various organ systems. Enough evidence exists in literature 
outlining the consequences of PFB on several outcomes 
among critically ill patients. This has included patients 
enrolled in medical,” surgical,‘ and burns? ICUs. The adverse 
effects include worsening of pulmonary function, delayed 
renal recovery, compromise in myocardial contractility, and 
rise in intracranial pressures. Minor outcomes like wound 
healing, pressure sores, and cholestasis were also adversely 
influenced by delayed PFB.5 


fi WHAT DO WE USUALLY TARGET 
ii DURING FLUID RESUSCITATION? 


Traditionally, fluid challenge and resuscitation have been 
triggered by clinical and pathophysiological parameters or 
by identification of markers of tissue hypoperfusion. Oliguria 
has always been a trigger for fluid challenge, on the valid 
assumption, that oliguria is a marker of decreased cardiac 


output. A fluid bolus is presumed to increase the cardiac 
preload translating into enhanced cardiac output." However, 
persistent oliguria should be viewed as a marker of organ 
dysfunction rather than as a marker of reduced preload. 
Continued attempts at fluid challenges after the initial phase 
could predispose to significant PFB. 

Lactate is another marker, which triggers a decision 
of fluid therapy. Although lactate clearance is a reliable 
indication of a successful resuscitation, persistent elevation 
of lactate has multiple confounding causes including 
hepatic clearance and systemic oxygenation. Continuing to 
resuscitate a patient-based solely on lactate values might not 
achieve the desired results. 

Static parameters, like central venous pressure (CVP) and 
pulmonary arterial occlusion pressure (PAOP), have been 
proven to be unreliable markers of either hypovolemia or 
FO. They seem to be incapable of predicting the effect of a 
fluid bolus on the cardiac output. It is now an accepted fact 
that more than half the patients with a low CVP are actually 
unresponsive to fluids. Targeting a normal CVP for these 
patients is more likely to result in an ineffective PFB. 

Variations in stroke volume induced by mechanical 
ventilation have been an established indicator of preload 
status of both ventricles. However, it is equally well-known 
that its applicability to a spontaneously breathing patient 
as well as to a patient with a nonsinus rhythm is not valid. 
Moreover, the validation of this variation relates to tidal 
volumes, which are much higher than what is currently 
prescribed as safe. Considering the fact that fluid balance 
plays a crucial role among patients with acute respiratory 
distress syndrome (ARDS), where tidal volumes are 
maintained low, the application of stroke volume variation to 
limit fluid therapy appears impractical.® 


&DOWEHAVEBETTERTOOLS?— 


Current availability of ultrasound, bioimpedance, and less 
invasive methods of thermodilution makes EVLW and 
pulmonary vascular permeability index measurements 
feasible. Similarly, widespread availability and increasing 
understanding of the dynamics of brain natriuretic peptide 
(BNP) have made this biomarker a potential candidate for 
assessing FO. Intra-abdominal pressure monitoring might be 
another potential candidate.? 


Extravascular Lung Water 


Extravascular lung water is the amount of water that is 
contained in the lungs outside the pulmonary vasculature.!? 
Itis influenced by multiple fluid inputs—alveolar, interstitial, 
intracellular, and lymphatic. However, pleural effusions 
do not form part of EVLW. The volume of EVLW is mainly 
controlled by the lymphatic system, which returns the 
volume to the systemic circulation. The normal value of 
EVLW indexed to body weight is <7 mL/kg body weight. 
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How is Extravascular Lung Water Measured? 


The gross method to assess EVLW is by a chest X-ray (CXR). 
However, there is always a scope for interobserver variability 
in interpretation. Moreover, the exact index of EVLW when 
pulmonary edema appears on CXR was never studied. 
From a theoretical standpoint, the gold standard method 
of assessment of EVLW would be gravimetry, which implies 
weighing the lung ex vivo before and after drying out. This 
automatically excludes its applicability in clinical practice. 
Several other methods have been described for measuring 
EVLW, each with its own strong and weak points. Table 2 
depicts the characteristics of these tests. 

Currently, transpulmonary thermodilution and lung USG 
seem to be practical methods of assessment of EVLW. The 
role of USG in measuring EVLW will be discussed later in this 
review. 

Transpulmonary thermodilution has emerged as a 
tool, which is validated experimentally against gravimetry. 
The principle revolves around a central venous catheter 
inserted in the superior vena cava territory coupled with 
a femoral thermistor-tipped arterial catheter. Cold saline 


is injected into the venous catheter and the decrease in 


temperature is measured at the arterial catheter. This will 
yield a thermodilution curve. Using this curve, the EVLW is 
estimated by using the Stewart-Hamilton principle. As per 
this principle, the intrathoracic thermal volume (ITTV) is 
assessed as-a:product of cardiac output and mean transit 
time. The difference between the total pulmonary volume 
and the ITTV will represent global end-diastolic volume 
(GEDV). Multiplying the GEDV with a factor of 1.25 gives the 
intrathoracic blood volume (ITBV). The difference between 
ITTV and ITBV yields the EVLW. Extravascular lung water 
has been shown to have a good correlation to mortality 
among critically ill patients, especially, those with sepsis and 
ARDS.!°1 This is the subset of patients, who are likely to be 
adversely affected by a PFB. Although traditionally EVLW has 
been indexed to body weight, scientifically, indexing it to the 
height of the individual appears to be a more robust system. 


Brain Natriuretic Peptide 


Serum BNP is a neurohormone, whose release is a direct 
consequence of increase in ventricular wall tension. One of 
the advantages of BNP as a marker of wall stress is its short 
half-life («20 minutes). In effect, this implies that an elevated 
BNP almost always indicates a recent increase in ventricular 
wall stress. Sepsis and ARDS are both conditions where early 
detection of PFB is likely to improve the ultimate outcome. 
A sustained rise in BNP might indicate an increased fluid 
related ongoing Stress on the ventricular wall. Zhang et al.!^ 
evaluated the prognostic value of BNP and its potential 
role in guiding fluid therapy among septic patients. 
While admission BNP was an independent predictor of 
mortality, ABNP correlated with other outcomes such as 
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TABLE 2 Methods of assessment of extravascular lung water 


. ; Accuracy 


Method 


Clinical value 


 Gravimetry. Reference experimental technique. Nil Low 
Chest X-ray ' 3596 increase in EVLW is needed to show : Can miss interstitial edema Low 

; pulmonary edema 
“Computed tomography - : Regional changes picked up -Cannot be used bedside, nonspecific High 
Magnetic resonance imaging : EVLW cannot be subtracted from Long-image acquisition time. High 

intravascular volume Not bedside 
Positron emission tomography - i EVLW can ‘be: separated from total water by Not meant for repeated assessments Very high 
: 50 labeled carbon monoxide 
Bioimpedance ; Does not differer iate intrathoracic -fluid : Alternative to dye dilution Low ME 
- Multiple inert- -gas- exchange Assesses only EVLW accessible toairways : Not uses Relatively low 
j technique ; i 
: Double thermo- -dye dilution | ‘Uses heavy \ water i er that i increases s accuracy i Invasive, cumbersome. Relatively high | 
Single thermos dilution _ Acceptable Repeated measurements possible Relatively low 


EVLW, extravascular lung water. 


ICU length of stay and duration of ventilation. In addition, 
the authors reported that the BNP values could change 
with as little as 100 mL of PFB. A Brazilian study involving 
close to 100 patients in the outpatient demonstrated a good 


correlation between the ‘presence of B lines on lung USG i 


and elevation of BNP levels. !5 

While the significance of B lines and their correlation 
with EVLW will be discussed in the following paragraphs, the 
relevance of BNP to the sonographic pattern of FO needs to 
be noted. 


Lung Ultrasonography 


Assessment ofthe lungs by sonography has become standard 
of care in most ICUs. The readily availability, noninvasive 
nature, replicability, and lack of radiation hazard make USG 
an ideal tool for repeated assessment of lung abnormalities. 
Definite profiles have been identified to represent interstitial 
fluid, alveolar fluid, and extraparenchymal collections, Lung 
USG has the ability to identify interstitial edema, which 
precedes pulmonary edema.!? A definite change in profile 
represents the appearance of interstitial edema, which 
warrants cessation of fluid therapy. - 
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Clinical Evaluation 


Clinical examination is a useful tool for identifying signs of 
FO in an outpatient setting. Sacral edema and pedal edema 
would be useful markers of a PFB in an ambulant patient. 
However, in 4 critically ill, bed-bound, hypoalBuminemic 
patient receiving vasopressor support will always have 
some degree of these clinical markers. Early detection of FO 
in this subset of patients is, therefore, likely to need other 


markers. Conjunctival edema, pleural effusions, etc. are not 
consistent and are more likely to be delayed markers of FO. 
Measurement of IAP could be a useful tool for identification 
of PFB. Grades of intra-abdominal hypertension are well- 


. validated. Ina patient, who has undergone fluid resuscitation, 


it may be pertinent to initiate the measurement of IAP at least 
for the first 72 hours, when the risk of PFB is high. Progress 
of IAP beyond grade I should be viewed with caution and 
should trigger a more meticulous attention to fluid balance in-~~ 
the least. This will particularly be valid among patients with 
generalized increase permeability states. 


Chart Review 


A meticulous review of the fluid balance for daily as well as 
cumulative PFB could be the simplest method to identify 
and correct a PFB of clinical significance. Literature review 
shows enough evidence linking a PFB with worse outcomes 
amongst a wide subset of critically ill patients. 

The Fluids and Catheters Treatment Trial (FACTT) is 
probably the most well-recognized publication, which 
draws attention to the deleterious effects of PFB of as little 
as 1.1 Lin 24 hours, while also questioning the relevance of 
CVP and PAOP." Lee et al. studied the association between 
fluid balance and survival among critically ill patients.! 
The authors identified a hazard ratio of 1.04 for dying with 
a positive balance of 1 L on day 2, within 90 days of ICU 
discharge. This hazard ratio was 1.07 for ICU mortality. 
This effect was even more pronounced amongst those who 
had a condition predisposing to fluid retention like acute 
kidney injary and congestive heart failure. Cumulative 
fluid balance seems to have a greater impact on mortality 
than the peak PFB. The Randomized Evaluation of Normal 
vs. Augmented Level (RENAL) study demonstrated the 
beneficial effects of a net negative balance on 90-day survival 
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among critically ill patients.? The authors recommended 
a goal of negative fluid balance after the initial phase of 
resuscitation. Pradeep et al. evaluated the role of fluid 
volume administered on the outcome of patients undergoing 
cardiac surgery.” They identified that a PFB of >500 mL in 
the immediate postoperative period, identified those, who 
went on to develop a cumulative PFB. They also identified 
an intraoperative fluid volume of 4 L as a clue for identifying 
those who will develop a PFB. Bouchard et al.?! showed that a 
weight increase of >10% over the baseline defines those who 
develop a cumulative PFB. 

In summary, a meticulous chart review is mandatory to 
avoid PFB. Attention should focus on avoiding a PFB >1 L. 


Extravascular Lung Water 


Asdiscussed earlier, EVLW has a strong physiological rationale 
for application to the problem of FO and PFB. Chung et al. 
studied the impact of EVLW index on the outcome of patients 
with severe sepsis. Although the sample size was very 
small, the authors were able to identify a value of 10 mL/kg 
as a cutoff for safe EVLW index. They were also able to show a 
fourfold increase in mortality among septic patients who had 
an EVLW index »10 mL/kg. Pino-Sanchez et al. studied the 
influence of EVLW index on decision making pertaining to 
fluids and vasoactive therapy.? In this study, an EVLW index 
»9 mL/kg triggered a decision to reduce fluid volume and 
a value >14 mL/kg triggered an aggressive diuretic strategy 
among hypoxic patients. For patients in hypotension, 
undergoing resuscitation, a value of 9-14 mL/kg was a trigger 
for stopping fluid therapy. Another relevant point from this 
study was that patients with EVLW index >9 mL/kg were 
considered to be clinically euvolemic. The CVP also did not 
differ significantly between those, who had values greater or 
lesser than 9 mL/kg. 


Brain Natriuretic Peptide 


The relevance of BNP in identifying ventricular stretch has 
already been discussed. Its value in diagnosing heart failure 
is well-accepted. However, the development of interstitial 
edema as a result of PFB is almost always preceded by a 
stretch of the ventricular wall. Several studies have attempted 
to correlate BNP with the timing of onset of pulmonary 
edema. Studies have also attempted to identify the.correlation 
between a fluid challenge and a unit change in BNP. Friese 
et al. evaluated the profile of BNP as a marker of fluid 
resuscitation after injury.“ This study was done at a trauma 
center. Age and sex of the patient did not seem to influence the 
BNP levels. This study demonstrated a correlation between 
a raise in BNP levels with the development of pulmonary 
edema on CXR. Patients who developed pulmonary edema 
had a mean BNP level of 110 pg/mL compared to 47 pg/mL 
among those who did not develop pulmonary edema. It may, 
therefore, be safer to moderate fluid therapy for patients 


whose BNP crosses 100 pg/mL. In the study by Zhang et al.,'* 
ABNP was found to be a predictor of longer ICU and hospital 
stay amongst septic patients. An elevated BNP at admission 
was also associated with higher mortality. This study found 
a correlation of 10 pg/mL rise is BNP with a fluid challenge 
of 100 mL. 


Ultrasonography 


The benefits of a point of care USG for the assessment of a 
critically ill patient are well-known and have been alluded to 
earlier. Sonography provides two windows for identification 
of PFB: (i) the lung and (ii) the inferior vena cava (IVC). 
The presence of B lines on lung USG is a well-validated 
marker of presence of interstitial fluid. B lines have been 
shown to correlate well with EVLW and PAOP>”6 It has 
been demonstrated that nonpredominance of B lines in the 
anterior chest could correlate with low PAOP?® Volpicelli 
et al. in a study including 73 patients attempted to compare 
lung USG predictability of EVLW versus PAOP They 
concluded that lung USG B profile predominance correlates 
well with pulmonary congestion indicated by EVLW, but 
not PAOP. This might argue more in favor of using EVLW to 
restrict fluids among susceptible patients. The results of this 
study might also suggest that PAOP <18 mmHg might not 
guarantee absence of cardiogenic pulmonary edema. An 
USG-scoring system has also been proposed to quantify the B 
profile pattern.?? This system is shown in table 3. A very high 
degree of correlation was observed between the score and 
EVLW index. This scoring system identifies a score of >1.5 
as being equal of an EVLW index >7 mL/kg. A score of >18.5 
implied an EVLW index >15 mL/kg. 


inferior Vena Cava Assessment 


Assessment of IVC is an accepted method of identifying 
fluid responders. However, a large absolute diameter of IVC 
>2.5 cm suggests a volume overload and no further fluids are 
likely to be beneficial. The point to note is that IVC distension 
is actually a sonographic equivalent of CVP. It can, therefore, 


TABLE 3 Lung ultrasound scoring 


Ultrasound finding f Score 


| No B line/intercostal space 


| One B line/intercostal space 


| Four B lines/intercostal space 


| Confluent B lines >75% intercostal space 


i Confluent B lines 100% intercostal space 
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be argued that the fallacies and drawbacks attributed to CVP 
might also apply to a distended IVC being treated as a marker 
of too much fluid. 


= HOWTO AVOID POSITIVE FLUID 
< BALANCE AND FLUID OVERLOAD? 


It is clear from the preceding discussion that PFB and FO are 


. preventable causes of morbidity and mortality among critically 


ill patients. Some parameters have been identified as markers 
of FO. It is always advisable to prevent the genesis of PFB 
and FO rather than try to treat them later. The.resuscitation- 
optimization-stabilization-evacuation schema seems to be 
a useful method in this direction. During the resuscitation 


phase, targeted volume therapy aiming to provide 30 mL of 


fluids per kilogram is an appropriate action, followed by a 
meticulously balanced decision making based on tendency 
for FO versus hemodynamic target achievement. During the 
optimization phase, effort should be made to strike a balance 
between the fluid balance and the markers of perfusion. Fluid 
restriction should begin in the stabilization phase to avoid 
a cumulative PFB. Maintenance fluids are better avoided 
at all stages. Markers like EVLW, BNP, and USG need to be 
employed at this stage. In the evacuation phase, PFB should 
be managed by pharmacological and extracorporeal means. 


2 CONCLUSION 


Positive fluid balance and FO are now established biomarkers 
of poor survival. Clinical examination alone does not suffice 
to prevent PFB. Extravascular lung water and BNP appear 
promising to guide therapy. Quantum of fluids also needs to 
be meticulously monitored and it is better to avoid PFB and 
FO rather than treat them. 
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Blunt Chest Trauma 


Mahesh Nirmalan, James Hanison 


# INTRODUCTION 


Blunt chest trauma is a leading cause of hospital admissions 
and mortality worldwide. It represents between half and two- 
thirds of all chest trauma patients and the most common 
mechanism of injury is road traffic accident.!? The victims 
of blunt chest trauma are mostly younger males and the 
observed mortality rates may vary considerably ranging 
between 6 and 45%. This wide variation in the reported 
mortality figures reflects the differences in the initial impact, 
severity of injuries, effectiveness in prehospital care, and 
subsequent definitive medical treatment in emergency 
departments. In general, the evolution of signs and symptoms 
shows a very consistent pattern, reflecting the physiological 
consequences of the initial bony/soft tissue injuries and the 
(predictable) onset of secondary pulmonary complications, 
if these injuries are managed ineffectively or inadequately in 
the early stages. Therefore, the early management of blunt 
chest trauma has drawn considerable interest in recent years. 


$ PATTERNS OF INJURY č č o< oO—ě 
Rib Fractures 


Rib fractures are the most common injuries sustained 
following blunt chest? It is estimated that approximately 
1076 of all trauma patients may sustain one or more rib 
fractures as part of their initial injury. Rib fractures may be 
associated with considerable pain, which renders breathing 
and coughing difficult and/or ineffective. They may also be 
associated with direct injury to the lung parenchyma causing 
contusions on the lung surface or frank hematomas within 
and around the lungs. These changes may impair ventilation 
or cause an increase in shunting, ventilation/perfusion 
mismatch, and/or dead-space ventilation. All of the above 
mechanisms may cause respiratory failure—characterized by 
hypoxemia, hypercarbia, labored breathing, and ineffective 
sputum clearance. Rib fractures also frequently lead to 


delayed morbidity as a result of atelectasis and nosocomial 
infections that occur within collapsed or poorly ventilated 
alveolar units. These delayed complications are usually 
attributed to ineffective clearance of secretions associated 
with poor/ineffective cough and inadequate chest expansion 
during tidal breathing. As a result, approximately 6-10% of 
patients develop pneumonia and in 4% or so the infections 
are severe enough to cause death.’ The National Patient Safety 
Agency in the United Kingdom has identified these patients 
as "at-risk patients" to highlight the need for early recognition 


and careful monitoring within a high-care environment, ' - 


where effective analgesia, physiotherapy, and controlled 
mobilization may be achieved in order to minimize the onset 
of these complications. 

In this context, some scoring systems have been 
developed, so that at-risk groups may be identified early and 
triaged to a high-care environment. Easter et al. developed a 
simple scoring system to assess the likelihood of developing 
complications following rib fracture where the total score was 
calculated on the basis of the number of fractures, whether or 
not the injury was unilateral or bilateral with an additional 
factor assigned to age, reflecting the fact that elderly patients 
were more prone to respiratory complications after injury. 

Easter's rib fracture score = (breaks x sides) + age factor 
The allocated age factor was: 

e Less than 50 years = 0 

51-60 years = 1 

61-70 years = 2 

71-80 years = 3 

More than 80 years = 4. 

It was suggested that patients with a higher score had a 
greater propensity to develop pulmonary complications and, 
therefore, greater length of stay in the hospital. The validity 
of this scoring system was evaluated by Maxwell et al. who 
found that, although higher scores were associated with a 
greater length of stay in intensive care unit (ICU) and hospital, 
the correlation between the variables was moderate-to-weak. 
Furthermore, the clinical usefulness of the score to guide 
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TABLE 1 Chest wall trauma scoring system 
| Age (years) | Number of rib fractures | 
| e «45—1 point i * «3 breaks—1 point 


| e 45-65—2 points 


: * 3-5 breaks—2 points 
; e >65—3 points 


| e »5breaks—3 points 


: Bilateral rib fractures 
; e Unilateral fractures—O points 
: e Bilateral fractures—2 points 


| Pulmonary contusion 
| e None—0 points 

| « Mild—1 point 

; e Severe—2 points 

| e Bilateral—3 points 


| Total score: 


decision making, such as discharge to the ward or home, was 
also limited.’ 

Pressley et al. developed a more elaborate scoring system 
based on the number of fractures, age and the severity of 
lung contusions and this system is shown in table 1. This 
study found that patients with a cumulative score of >7 hada 
mortality of 14.3% compared to patients with scores of <6 who 
had a mortality of 4.2%. They also found that patients with 
lower, scores were less likely to be mechanically ventilated, 
less likely to be admitted to ICU and had a shorter length of 
stay in hospital.® 

It is clear that both scoring systems are based on several 
arbitrary criteria and, hence, will lack sensitivity and 


Step 1 


* Regular paracetamol Pain controlled 
* Regular codeine 

*tNSAIDS — . Dynamic pain 
* t Oral morphine as required score 0-1 


Uncontrolled pain | Pain score 2-3 


Step2 
* IV morphine 0.1-0.2 mg/kg 
* Antiemetics 


Pain controlled 


Dynamic pain 
Score 0-1 


Uncontrolled pain | + High risk group 


Step 3 

* IV morphine patient controlled 
analgesia (PCA) 

* Gabapentin 

* Antiemetics 


Pain controlled 


Dynamic pain 
score 0-1 
Uncontrolled pain 


Step 4 
* Consider regional anesthesia 
o Serratus anterior block 
o Paravertebral block 
? Thoracic epidural 
* Consider rib fixation 
e Contact pain team 


WM, intravenous; NSAID, nonsteroidal anti-inflammatory drug. 


FLOWCHART 1: Multimodal analgesic regimen for rib fracture 


Continue established analgesia 
regime 


* Paracetamol 

* + NSAIDs 

* Morphine sulfate slow release 
tablets 10-20 mg twice daily 

* Oral morphine 10-20 mg 


* Continue step 3 
* Regular paracetamol 
* € NSAIDs 


specificity when it comes to predicting clinical outcome 
in individual patients. Nevertheless, the usage of such 
systems will help to have a systematic approach to routine 
management of patients with rib fractures. This systematic 
approach is particularly useful to standardize the provision 
of analgesia and to set thresholds for the introduction of 
regional analgesic techniques at the early stages. 


Analgesia for Rib Fracture 


Several analgesia options are available including intra- 
venous opioids (usually witha patient-controlled analgesia), 
nonnarcotic analgesics, and regional anesthetic techniques. 
May et al. have incorporated the Easter rib fracture score 
into an algorithm to guide the intensity of the multimodal 
analgesic regimen according to risk factors (Flowchart 1).° 
Clinical trials suggest that effective thoracic epidural 
analgesia decreases the duration of mechanical ventilation, 
incidence of nosocomial pneumonia, and improves 
pulmonary function following rib fractures as compared to 
parenteral opioids alone.!®*!! However, to date no mortality 
benefits have been demonstrated and this has led to a poor 
uptake of epidural blocks even in larger trauma centers. It 
must, however, be emphasized that in these patient groups 
the clinical trajectories determining death or survival are 
“sensitively dependent” on several factors that cannot be 
controlled for in clinical trials. Consequently, the absence of 


Rib fracture score 
(Breaks sides) + Age factor 
Breaks = Number of fractures 


Sides 
Unilateral = 1 
Bilateral = 2 


Age factor (years) 
0 = «50 

1 = 51-60 
2261-70 
3271-80 
4=>80 


Ascore of 3-6 = step 1 

A score of 7-10 = step 2 
A score of 11—15 = step 3 
A score of >15 = step 4 


A score of >7 requires referral 
to the pain team 


Follow up by acute pain team Remember NSAID 
cautions/contraindications 
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“mortality benefits" must not be used as an argument to deny 
patients a treatment modality, such as epidural analgesia, 
that has been shown to have several short-term benefits 
including better quality of analgesia, reduced incidence of 
nosocomial infections, and decreased need for mechanical 
ventilation.'? These short-term benefits are important and 
valid endpoints when it comes to assessing the effectiveness 
of thoracic epidural analgesia. Many patients may have 
contraindicationsto epiduralanalgesia, suchascoagulopathy, 
and in such patients there is a need to consider other regional 
anesthetic techniques such as paravertebral blocks and 
serratus plane block. Both these techniques are amenable to 
continuous local anesthetic infusion via indwelling catheters, 
but require skilled personnel and appropriate equipment to 
provide them. Paravertebral block has been demonstrated 
as noninferior to epidural analgesia in terms of efficacy 
and preservation of pulmonary outcomes.? Serratus plane 
block was first described in 2013 and as such has not entered 
common practice yet.'* Intrapleural and intercostal regional 
anesthetic techniques are, however, not recommended due 
to inferior safety and efficacy profiles." 

Overall, having a protocol-driven approach to analgesia, 
using a dedicated team whose members have a specialized 
interest in regional analgesic techniques and an objective 
scoring system to guide decision making is to be strongly 
‘recommended in the management of patients with multiple 
rib fractures. 


Rib Fixation 


Over the past few years, surgical plating technology has 
improved to the point of making surgical fixation of fractured 
ribs a viable option. There is increasing evidence that this 
is an appropriate treatment in selected patient groups. 
Marasco et al. evaluated the effect of surgical rib fixation for 
patients who were ventilator dependent with flail segment 
rib fractures. They found that surgical rib fixation reduced 
the length of stay on ICU and reduced the requirement for 
noninvasive ventilation (NIV) postextubation.!> Tanaka et al. 
also evaluated surgical rib fixation in ventilator-dependent 
patients and found a shorter duration of mechanical 
ventilation, shorter ICU stay, and improved pulmonary 
function tests at 12 months. ë 

The rib fixation technology has been assessed by the 
National Institute for Health and Care Excellence (NICE) inthe 
United Kingdom and they assert that rib fixation technology 
is safe and current evidence suggests benefit in selected 
patient groups. The NICE guidelines suggest that careful 
patient selection should be made by critical care specialists, 
chest physicians, and thoracic surgeons with appropriate 
experience." In particular, patients with more than four rib 
fractures, flail segments, and >45 years of age are currently 
considered suitable candidates for surgical rib fixation even 
though with greater experience and development of safer 
surgical techniques this list may expand in the future. 


Injuries to Intrathoracic Viscera 


The most common presentation following blunt thoracic 
trauma is a bony fracture of the thorax. However, many 
mechanisms of injury contain a considerable transfer of 
energy to the patient and injures to the heart, lungs, and 
associated structures must always be considered. Indeed, 
Shorr et al. noted that almost 25% of patients presenting with 
blunt chest trauma may have injuries to intrathoracic viscera 
in the absence of bony fractures.'? A high index of clinical 
suspicion coupled with trauma series computed tomography 
(CT) scan imaging is essential, if these intrathoracic injuries 
are not to be missed in the early stages. 


Hemothorax 


Hemothorax is the second most common injury after rib 
fractures following blunt chest trauma.” There is a wide 
spectrum of severity of hemothorax with some representing 
massive and persistent blood loss and some being more 
minor. Recent guidance suggests that all hemothoraces 
should be considered for insertion of an intercostal drain 
and if >1,500 mL of blood is drained then surgical exploration 
should be considered. They also suggest that persistent 
hemothorax following drain or a persistent air leak should 
trigger early surgical exploration in preference to repeated 
intercostal drain insertion.!? 


Pneumothorax 


Pneumothorax is a frequent and serious complication 
following chest trauma. The intrapleural air can arise from 
laceration of the lung parenchyma by fractured ribs or by 
disruption of lung parenchyma by the forces and pressures 
generated at the time of the injury. Although the current 
British Thoracic Society guidelines for the management 
of spontaneous pneumothoraces suggest that some low- 
risk patients may be suitable for observation or needle 
aspiration,” the situation is different in trauma patients. 
Due to the dynamic and evolving nature of lung injury in the 
context of trauma, insertion of an intercostal drain should be 
considered in all trauma patients who have a pneumothorax 
at the time ofinitial presentation. While itis accepted practice 
to insert an intercostal drain for pneumothoraces that are 
large enough to be visible on chest X-ray (CXR), the correct 
approach for patients in whom a small pneumothorax is 
detected on a trauma series CT scan alone remains uncertain. 
It is recommended that such “occult” pneumothoraces may 
be considered for conservative management, unless they 
receive positive pressure ventilation.?! 


Pulmonary Contusion 


Pulmonary contusion is a relatively frequent complication 
following blunt chest trauma. Pulmonary injury triggers an 
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inflammatory cascade that results in pulmonary infiltrates, 
reduced compliance, pulmonary hypertension, and impaired 
gas exchange. Pulmonary contusion in isolation does not carry 
a large risk of death with one study finding 100% survival after 
isolated pulmonary contusion.” However, the appropriate 


-fluid management strategy in patients with significant lung 


contusion remains controversial. The current evidence 
suggests that patients with pulmonary contusion should not 
be subjected to excessive fluid restriction. On the contrary 
they should be resuscitated as necessary with isotonic 
crystalloid (or colloid solution—depending on the overall 
hemodynamic picture) to achieve adequate tissue perfusion 
soon after injury. Once the usual resuscitation endpoints have 
been achieved, further fluid administration (usually in pursuit 
ofan ambitious/erroneous level ofurine output figure) should 
be meticulously avoided. Invasive hemodynamic monitoring 
techniques may aid in optimizing hemodynamic status while 
avoiding excessive fluid administration. 

Patients with lung contusion and in need of respiratory 
support should be supported using a step-ladder approach 
involving positive end-expiratory — pressure/continuous 
positive airway pressure, NIV, and mechanical ventilation 
using low-tidal volumes. In practical terms, the approach that 
should be adopted is no different to those with suspected acute 
lung injury and all attempts, including effective analgesia using 
regional techniques and minimal use of opiates/sedation 
should be employed to facilitate early weaning/extubation. 
Steroids, prophylactic antibiotics, or repeated bronchoalveolar 
lavages have no role in the management of lung contusions. 


Diaphragmatic Rupture 


Diaphragmatic injury is less frequent in blunt trauma 
as opposed to penetrating trauma, but is still present in 
1-796 of cases. The left hemidiaphragm is most frequently 
affected with herniation of abdominal viscera into the 
thorax. Right hemidiaphragm rupture may be associated 
with major vessel disruption and associated high- 
morbidity risk. Bilateral rupture is rare? Computed 
tomography imaging remains the modality of choice 
to detect diaphragmatic injuries. Chest X-ray has a low 
sensitivity, particularly in right-sided injuries where the 
liver may prevent herniation of abdominal viscera into the 
thorax.^* Repair of diaphragmatic injury requires surgical 
treatment. Approach via laparotomy is most frequently 
performed, but thoracoscopic or combined approaches are 
also performed. Laparoscopic repair is also feasible.” 


Tracheobronchial Injury 


Tracheobronchial injuries are an infrequent complication 
following blunt chest trauma. One study found that injuries 
occur most frequently to the bronchi within 2 cm of the 


carina with right-sided injuries being more frequent, but left- 
sided injuries have better outcomes.”* Another study found 
equal distribution of injuries throughout the trachea, carina, 
and bronchus.” Mortality is «1095.2425 


-Myocardial Contusion 


Myocardial contusion is found to be present in 
approximately 10-2096 of all admissions with blunt chest 
trauma. Abnormalities include ECG changes, elevated 
serum troponin, and regional wall motion abnormalities on 
echocardiography.?? Although this seems to be a relatively 
frequently occurring event, the potential for long-term 
harm seems low.” 


Disruption of the Aorta 


Injury to the thoracic aorta is an uncommon presentation 
following blunt chest trauma, but represents a significant 
risk of mortality. It is estimated to be present in <0.5% of 
cases. However, it has been demonstrated in approximately 
one-third of patients who die before arrival in hospital 
following road traffic accident? The majority of patients, 
who do survive.to hospital, have injuries that are located at 
the aortic isthmus. False aneurysm, dissection, and intimal 
tear may occur with false aneurysm being most frequent. In 
such patients, the presence of aortic injuries usually signify a 
high velocity injury and consequently as many as one-third 


' of cases will die within 4 hours of hospital attendance, usually 


associated with multiple visceral injuries. 

The Eastern Association for the Surgery of Trauma has 
made several recommendations for the investigation and 
management of aortic injury. They recommend contrast 
CT over the traditional aortic angiography, as the preferred 
method of imaging and endovascular repair in preference 
to open repair. They also recommend delayed repair over 
immediate repair as this planned approach is associated 
with reduced mortality?! The Society for Vascular Surgery 
recommend endovascular repair for management of 
traumatic thoracic aortic injury as it is associated with 
teduced mortality, reduced renal injury, reduced cord 
ischemia, and reduced infection rates.” 


Cardiac Tamponade 


Cardiac tamponade is most commonly associated with 
penetrating chest trauma. It can also occur following blunt 
trauma, and when it does, the prognosis is grave. One case 
series found that all cases presenting with cardiac lacerations 
and tamponade in the context of blunt trauma died despite 
intervention.? Emergency thoracotomy is rarely indicated in 
blunt thoracic trauma with chances of survival being very low 
following this intervention.** 


} IMAGING MODALITIES 
Computed Tomography 


A review of trauma patients in Australia following blunt 
thoracic trauma found that CT was significantly more sensitive 
at detecting rib, sternum, and vertebral fractures as compared 
to CXR. It was also significantly more sensitive at detecting 
pneumothorax, hemopneumothorax, and lung contusion.*® 
It was, however, noted that positive CT findings—not present 
on the conventional CXR, altered management in only 6% of 
patients following blunt chest trauma as the majority of small 
pneumothoraces and lung contusions did not require any 
specific interventions.? Patients with chest wall tenderness, 
reduced air entry, or abnormal respiratory effort were more 
likely to have additional findings detected on CT following a 
plain CXR. 

The number of patients presenting with trauma is large 
and itis, therefore, necessary to select patients who should be 
subjected to CT scans. Current guidelines recommend that 
all patients who have sustained major trauma and multiple 
injuries should receive a CT scan from vertex of head to mid- 
thigh (the trauma CT). Therefore, all patients with major 
multiple injuries will receive a CT. The decision, therefore, 
remains about which patients who have sustained isolated 
and minor chest injuries would benefit from a CT scan. 
Repeated clinical review and repeated observation of clinical 
signs of impending respiratory failure remain key to decision 
making in this context. 


Lung Ultrasound 


Ultrasonography of the chest has been increasing in 
popularity over the last two decades due to the increased 
availability, safety, and the potential for repeated bedside use. 
Protocolized scanning regimes have been developed such as 
the Bedside Lung Ultrasonography in Emergency (BLUE) 
protocol? for patients in critical care and the extended 
Focused Assessment with Sonography for Trauma (FAST) 
scan, which is specifically designed for use in trauma? 
Thoracic ultrasound has a comparable specificity and a 
superior sensitivity compared to plain CXR. 

Ultrasonography is a well-established modality of 
assessment in trauma patients with FAST scans routinely 
taught in Advanced Trauma Life Support (ATLS) courses. The 
inclusion of thoracic ultrasound is a sensible and feasible 
extension of this approach and may have the added benefit 
of detecting pneumothoraces not detected on plain CXR. 
Though not superior to CT, it may provide results more 
rapidly at the bedside. 


Echocardiography 


Both transthoracic echocardiography (TTE) and trans- 
esophageal echocardiography (TEE) have been assessed in 
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the context of blunt chest trauma. Karalis etal. found that TTE- 
provided suboptimal views in one in five patients with blunt 
chest trauma, whereas TEE was optimal in those. They found 
30% of patients displayed myocardial contusions and this 
was predictive of developing cardiac complications, although 
only 4% of patients in total actually required treatment for 
cardiac complications." Charillo et al. found that TTE was 
only possible in 3896 of cases compared to 9876 with TEE. They 
noted that TEE demonstrated 93% sensitivity in detecting 
aortic rupture.’ Transesophageal echocardiography has 
been demonstrated to have a superior sensitivity and equal 
specificity to helical chest CT in the detection of traumatic 
arterial injuries after blunt chest trauma. Transesophageal 
echocardiography also appears to be more sensitive at 
detecting myocardial contusions compared to CT.” 

Echocardiography appears to have a useful role in 
detecting arterial ruptures following blunt chest injury, at 
least as effectively as CT scan and TEE is more likely to provide 
consistently useful images in most patients. Echocardiography 
is more effective than CT at detecting myocardial injury 
although only a small proportion of these patients will go on to 
require treatment for cardiological complications. 


Scoring systems, specific for rib fractures, have already been 
alluded to. A number of more generic scoring systems have 
also been ‘developed to evaluate patients following blunt 
chest trauma of any kind (including all patients regardless 
of injury sustained). These scoring systems include the 
Pulmonary Contusion Score? and the Thoracic Trauma 
Severity Score (Table 2).^^ 


TABLE 2 Thoracic Trauma Severity Score 


| Age (years) | PaO, to FiO, ratio (mmHg/dl) 
e «30—0 points L >400—0 points 

;* 30-41—1 point ‘e 301-400—1 point 

i* 42-54—2 points ie. 201-300—2 points 

e 55-70—3 points e 150-200—3 points 


© >70—5 points 
_ Pulmonary contusion 
‚e None—0 points D None—0 points 

:* 1 lobe unilateral—1 point e Pneumothorax—1 point 

e 1 lobe bilateral—2 points e Unilateral hemothorax— 

: e 2lobesunilateral—3 points. 2 points 

‘e <2 lobes bilateral—4 points | e Bilateral hemothorax—3 points - 
e. »2 lobes bilateral—S points © Tension pneumothorax—5 points : 


i Rib fractures 

. e None—O points 

e ]-3—1 point 

e 3-6unilateral—2 points 
‘e >3 bilateral—3 points 


;* Hail chest—5 points ‘Total score: 


PaO,, partial pressure arterial oxygen; FiO,, fraction of inspired oxygen. 
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Guidelines for Cardiopulmonary 
Resuscitation: 2015 Update 


Jigeeshu V Divatia, Suhail S Siddiqui, Amit M Narkhede 


¢ Class III: No benefit 


The 2015 American Heart association (AHA) Guidelines — « Class HI: Harm. 
Update for Cardiopulmonary Resuscitation (CPR) and 


Emergency Cardiac Care (ECC) are an update to the 2010 
guidelines. This chapter will highlight the updates pertaining 


to adult patients only. 


& ADULT BASIC LIFE SUPPORT AND 
, CARDIOPULMONARY RESUSCITATION | 


s 


New AHA classification system for classes of recom- The 2015 guidelines update has made a distinction beween 


mendation and levels of evidence: 


inhospital cardiac arrests (IHCAs) from out-of-hospital 


e Class I (strong): Benefit greatly exceeds the risk cardiac arrests (OHCAs) with two separate Chains of survival 
e Class IIa (moderate): Benefit is greater than risk algorithm (Fig. 1). Adult basic life support (BLS) algorithm is 
* Class Ilb (Weak): Benefit equal to or more than the risk given in flowchart 1. 


Chain of survival in IHCA 


Surveillance 


and prevention 


Recognition 
and 
Activation of 
emergency 
response 
system 


Immediate Rapid Advanced life 
high qualit pipe support and 
POPR i denbrilation postarrest care 


Primary providers Cath Lab ICU 


Chain of survival in IHCA 


activation of 
emergency 


Recognition and 


response system 


Emergency medical services ED cath Lab ICU 


immediate Advanced 
high qualit Rapid Basic and life support 
B Pers y defibrillation | | advanced EMS | / and postarrest 


care 


IHCA, inhospital cardíac arrest, OHCA, out-of-hospital cardiac arrest; CPR, cardiopulmonary resuscitation; 
ICU, intensive care unit, EMS, emergency medical service. 


FIG. 1: Chains of survival algorithm 
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Verify scene safely 


Victim is unresponsive 
* Shout for nearby help 

* Activate emergency response system via mobile device (if appropriate 
* Get AED and emergency equipment (or send someone to do so) 


Provide rescue breathing: 
1 breath every 5-6 s, 


Normal No normal | or about 10-12 breaths/min 
i L i à 
Monitorunti| breathing, SOR GRO breathing ór breathing, |- Activate emergency response system 
has pulse | only gasping and check : : 
emergency P ulse (simultaneously) has pulse (if not already done) after 2 min 
+ | responders P y * Continue rescue breathing; check 


Is pulse definitely felt 


arrive within 10 s? 


pulse about every 2 min. If no pulse, 
begin CPR (go to “CPR” box) 
* If possible opioid overdose, administer 


naloxone if available per protocol 


No breathing or only 
gasping, no pulse 
By this time in all scenarios, emergency 
Iced md ce coms E ei response system or backup is activated, 
and AED and emergency equipment are 
retrieved or someone is retrieving them 


CPR 
Begin cycles of 30 compressions and 2 breaths 
Use AED as soon as it is available 


Check rhythm 
r a >| Shockable rhythm? 


Yes, shockable No nonshockable 


* Give 1 shock * Resume CPR immediately for about 2 min 

e Resume CPR immediately for about 2 min (until prompted by AED to allow rhythm check) 
(until prompted by AED to allow rhythm check) * Continue until ALS providers take over or victim 

* Continue until ALS providers take over or victim starts to move 
starts to move 


CPR, cardiopulmonary resuscitation; ALS, advanced life support; AED, automated external defibrillator. 
FLOWCHART 1: Basic life support algorithm 


Untrained Lay Rescuer Positive pressure ventilation may be delayed for 
Cardiopulmonary Resuscitation witnessed OHCA with a shockable rhythm. It is 
recommended to give three cycles of 200 continuous 
* Immediate recognition of unresponsiveness compressions may be given first, with passive oxygen 
* Activate emergency response system (if necessary insufflation, and positive-pressure ventilation may be 
through use of a mobile telephone) without leaving the delayed'?-^ 
victim * Availability of public access defibrillator. 
* Initiate CPR, if the unresponsive victim is not breathing 
or gasping Suspected Opioid-related 


* Compression only CPR (CO-CPR) is recommended. 
Rationale: Lay rescuers are often reluctant to provide : 
mouth-to-mouth respirations during CPR.'5 In adult Recommendations. 
victims, survival outcome was same for standard CPR © Fora patient with known or suspected opioid overdose and 
and CO-CPR in multiple studies.*!° Morover, CO-CPR a respiratory arrest (but not cardiac arrest), intramuscular 
is easier to teach, learn, and perform, and it is more or intranasal naloxone may be given by trained rescuers, in 
acceptable and likely to be performed by bystanders.?'!! addition to standard BLS measures (class Ila; New) 21 


Life-threatening Emergency 


— RT Emm 
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e For patients in cardiac arrest and if there is high suspicion 
foropiate overdose, naloxone may be given after initiation 
of CPR (class IIb; New) 

e Persons at risk for opioid overdose may be provided 
education on how to respond to opioid overdose, and 
naloxone may be distributed (Class IIa) (New). 


Rationale: As more death due to recreational as well 
as medicinal use of opioids are being reported, the 
administration of naloxone, in addition to standard BLS care, 
is an important element of resuscitation of patients with a 
known or suspected opioid overdose!*"!? 


Chest Compressions 
Recommendation 


e Chest compressions should be performed at a rate of 
100-120/min (class Ila; Updated) 

Rationale: As rate increases beyond 120/min, depth 
decreases and the efficacy of chest compressions is 
reduced.19.? 

e Depthofcompressions should be at least 2 inches or 5 cm 
for an average adult. Chest compression of more depth 
should be avoided (class I; Updated). 

Rationale: Compression depth »6 cm may result in more 
injuries.2026 

e Avoidleaningonthevictim'schestbetween compressions. 

This is in order to allow full chest wall recoil in between 
compressions (class IIa; Updated). 
Rationale: Leaning on the chest wall between 
compressions prevents effective recoil and may decrease 
venous return with adverse hemodynamic consequences 
and potentially worse outcomes. It is also associated with 
decreased coronary perfusion 29-28 

e Any pause in chest compression should be minimized 
before and after shock (class I; Updated). 

e When an advanced airway is in place chest compressions 
should be paused for less than 10 seconds to deliver two 
breaths (class IIa; Updated) 

e Atleast 60% of time should be spent on chest compression 
in between breaths (class IIb; New). 

Rationale: A shorter duration of compression inter- 
ruption is associated with higher likelihood of survival 
and return of spontaneous circulation (ROSC) 29-4 


Passive Oxygen versus Positive-pressure 
Oxygen during Cardiopulmonary Resuscitation 
Recommendations 


e Routine use of passive ventilation during conventional 
CPRis not recommended (class IIb; New). 

e lf a strategy of continuous chest compressions is being 
used, passive ventilation techniques with high-flow 
oxygen delivered via a face mask with aa oropharyngeal 
airway may be considered as part of that strategy (class IIb; 
New).5936 


Defibrillation 


e For witnessed adult cardiac arrest, when an automated 
external defibrillator (AED) is immediately available, it 
should be used as soon as possible (class IIa; Updated) 

e For adults with unmonitored cardiac arrest or when an 
AED is not immediately available, CPR should be started 
and continued till a defibrillator is available and ready for 
use (class Ila; Ppdated) — 

e Inpatients with unmonitored OHCA and aninitial rhythm 
of ventricular fibrillation (VF) or pulseless ventricular 
tachycardia (pVT), there is no benefit from a period of 
CPR of 90-180 seconds prior to defibrillation.5^ 
Rationale: Prolonged VF may deplete the energy stores 
of the heart, and rapid defibrillation may be justified, 
regardless of the duration of arrest. 


Analysis of Rhythm during Compressions 


Use of artifact-filtering algorithms for analysis of electro- 
cardiogram (ECG) rhythm during CPR is not recommended 
(class IIb; New). 


gl ALTERNATIVE TECHNIQUES 
AND ANCILLARY DEVICES FOR 
Į CARDIOPULMONARY RESUSCITATION — 


Devices to Support Circulation 
Recommendations 


e Impedance threshold device (ITD) and active 

compression-decompression (ACD) device during CPR 
is not recommended to be used routinely (class III: No 
benefit; New) 
Rationale: Three randomized controlled trials (RCTs) 
found no benefit to the use of ITD in patients with 
OHCA.“*“* Other trials with devices also showed no 
benefit. ^** One RCT, the ResQ trial, showed improved 
neurologic function with the ACD - CPR + ITD, but there 
were limitations to that tria9^! 

e It may be used when equipment and properly trained 
personnel are available (class IIb; New) 

e Mechanical chest compressions using a piston device, 

which is a compressed gas-driven or electrically powered 
device that delivers chest compression at set rate or load- 
distributing band devices (LDB-CPR), which encircles 
the chest though its circumference and is pneumatically 
or electrically actuated may be an alternative to manual 
chest compressions, if properly trained personnel are 
available and in situations like, prolonged CPR and CPR 
in a moving vehicle (class IIb; New). 
Rationale: No definite benefit has been shown by 
these devices.^5* However, they may be useful during 
prolonged CPR by trained- personnel or when the CPR 
provider is fatigued.95" 
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Extracorporeal Techniques and Invasive 
Perfusion Devices: Extracorporeal 
Cardiopulmonary Resuscitation 


Recommendation 


e For routine resuscitation, extracorporeal cardiopulmo- 
nary resuscitation (ECPR) is not recommended. Extra- 
corporeal cardiopulmonary resuscitation refers to 
venoarterial extracorporeal membrane oxygenation 
during cardiac arrest, ECPR is resource intensive and 
costly, requiring quick vascular access, trained personnel, 
and specialized equipment. In carefully selected patients, 
it may be considered with a reversible etiology of cardiac 
arrest (class IIb; New) 

Rationale: Data showing benefit of ECPR are case series 
that have included carefully selected patients with a few 
comorbidities, cardiac etiology of cardiac arrest and who 
received at least 10 minutes of conventional CPR without 
ROSC.**® Observational studies suggest a benefit in 
regard to survival and favorable neurologic outcome 

. with the use of ECPR when compared with conventional 
CPR.*! There are currently no data from RCTs to support 
the use of ECPR for cardiac arrest in any setting..6? 


$i ADULT ADVANCED 
ig CARDIOVASCULAR LIFE SUPPORT 


Antiarrhythmic Drugs After Resuscitation$*? 


Lignocaine 
Recommendations 


e Lignocaine may be given or continued immediately after 
ROSC, if cardiac arrest was due to VF/pVT (class IIb; 
New). Administration of prophylactic lidocaine during 
acute myocardial infarction is no longer advocated 
following studies that showed an increased incidence 
of asystole, bradycardia, and higher mortality with 
lignocaine prophylaxis 

e Oral or intravenous f-blockers may be given early after 
hospitalization, if cardiac arrest was due to VF/pVT 
(class IIb New). 


Vasopressors. 
Recommendation 


e Epinephrine should be given as soon as possible after 
diagnosis of cardiac arrest with an initial nonshockable 
rhythm (class IIb; updated). High-dose epinephrine is not 
recommended for routine use in cardiac arrest (class III: 
No benefit; New) 

Rationale: High-dose epinephrine achieves faster 
ROSC, but did not confer any advantage over standard 
dose epinephrine with respect to survival on hospital 


discharge (SOHD) with a good neurologic recovery, or 
SOHD, or survival to hospital admission9" 7? 


e Vasopressin should not be used instead of epinephrine in 


cardiac arrest (class IIb; Updated) 

Rationale: Vasopressin was not found to have any 
advantage when used either as a substitute for multiple 
doses of epinephrine, or in combination with epinephrine 
in several trials. Outcomes assessed included ROSC, 
SOHD and neurological outcome."^? Vasopressin has, 
therefore, been removed from the adult cardiac arrest 
algorithm (Flowchart 2). Epinephrine should be given 
early after cardiac arrest in patients with nonshockable 
rhythms, but there is insufficient evidence for a similar 
recommendation in patients with shockable rhythms.59-55 


Steroids 


Recommendations 


In IHCA, the combination of intra-arrest vasopressin, 
epinephrine and methylprednisolone and postarrest 
hydrocortisone may be considered; however, further 
studies are needed before recommending the routine use 
of this therapeutic strategy (class IIb; New) 

For patients with OHCA, use of steroids during CPR is of 
uncertain benefit (class IIb; New) 

Rationale: Two RCTs studying the use of a combination 
of methylprednisolone, vasopressin, and epinephrine 
during IHCA andhydrocortisoneafter ROSC for those with 
shock significantly improved ROSC, survival to hospital 
discharge, and good neurologic outcome compared 
with the use of only epinephrine and placebo.***’ An 
RCT and an observational study using steroids as a sole 


treatment in OHCA did not improve survival to hospital 


discharge. *8* 


Management of Cardiac Arrest: 
Prognostication during Cardiopulmonary 
Resuscitation 

End-tidal Carbon Dioxide 


Recommendations 


In intubated patients, failure to achieve an end-tidal 
Carbon Dioxide (EtCO,) >10 mmHg after 20 minutes 
of CPR may be considered as one of the indicators to 
stop. resuscitation. It should not be used in isolation 
(class IIb; New) 

In nonintubated patients, EtCO, should not be used in 
determining when to end resuscitative efforts (class III: 
Harm; New). 

Rationale: Observational studies involving small 
numbers of patients suggest that EtCO, «10 mmHg 
after intubation and 20 minutes after CPR is associated 
with extremely low probability of ROSC and survival. 
However, these studies also have several confounding 23 
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Start CPR 
* Give oxygen 
* Attach monitor/defibrillator 


1 


Rhythm shockable? 


2 VF/pVT 9 


4 CPR 2 min 
* IV/IO access 


Asystole/PEA 


Rhythm shockable? 


CPR 2 min 
* Epinephrine every 3-5 min 
* Consider advanced airway, 
capnography 


CPR 2 min 


10 * IV/IO access 


capnography 


Rhythm shockable?: 


Rhythm shockable? 


8| CPR2 min 
* Amiodarone 
* Treat reversible causes 


CPR 2 min 


11 


Rhythm shockable? 


21° If no signs of ROSC, go to 10 or 11 
* If ROSC, go to post-cardiac arrest care 


* Epinephrine every 3-5 min 
* Consider advanced airway, 


* Treat reversible causes 


| 
| 
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CPR quality 

* Push hard [at least 2 inches 
(5 cm)] and fast (100—120/min) 
and allow complete chest recoil 

* Minimize interruption in 
compressions 

* Avoid excessive ventilation 


* Rotate compressor every 2 min, 


or sooner if fatigued 
* If no advanced airway, 
30:2 compression-ventilation ratio 
* Quantitative waveform capnography: 
2 If PETCO, «10 mmHg, attempt 
to improve CPR quality 
* Intra-arterial pressure 
o If relaxation phase (diastolic) 
pressure <20 mmHg, attempt to 
improve CPR quality 


‘Shock energy for defibriliation 


* Biphasic: Manufacturer 
recommendation (e.g., initial 
dose of 120—200 J): if unknown, 
use maximum available. Second 
and subsequent dose should be 
equivalent, and higher 
doses may be considered 

* Monophasic: 360 J 


Drug therapy . 

* Epinephrine IV/IO dose: 1 mg every 
3-5 min 

* Amiodarone IV/IO dose: Frist 
dose: 300 mg bolus. Second 
dose: 150 mg 


Advanced airway 

* Endotracheal intubation or 
supraglottic advanced airway 

* Waveform capnography or 
capnometry to confirm and 
monitor ET tube placement 

* Once advanced airway in place, 
give 1 breath every 6 s 
(10 breaths/min) with 
continuous chest compression 


Return of spontaneous 

circulation 

* Pulse and blood pressure 

* Abrupt sustained increase in 
PETCO, (typically 240 mmHg) 

* Spontaneous arterial pressure 
waves with intra-arteríal monitoring 


Reversible causes 

* Hypovolemia 

* Hypoxia 

* Hypo-/hyperkalemia 

* Hypothermia 

* Tension pneumothorax 
* Tampomade, cardiac 

* Toxins 

* Thrombosis, pulmonary 
* Thrombosis, coronary 


VF, ventricular fibrillation; pVT, pulseless ventricular tachycardia; PEA, pulseless electrical activity; IV, intravenous; IO, intraosseous; CPR, cardiopulmonary 


> resuscitation - 


FLOWCHART 2: Adult cardiac arrest algorithm 
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factors. Hence, low EtCO, should not be the sole or 
major criterion to determine whether or not to terminate 
CPR.9094 


Postcardiac Arrest Care 


Cardiovascular Care 


Recommendations 


Emergent (not deferred or notatall) coronary angiography 
must be performed emergently (rather than later in the 
hospital stay or not at all) for OHCA patients with cardiac 
arrest of suspected cardiac etiology and ST elevation on 
ECG (class I; Updated) 

Emergent coronary angiography may be performed in 
selected (e.g., electrically or hemodynamically unstable) 
patients who are comatose after OHCA of suspected 
cardiac origin but without ST elevation on ECG (class IIa; 
Updated) 

Coronary angiography may be performed when indicated 
in postcardiac arrest patients even if the patient is 
comatose (class IIa; Updated) 

Rationale: Several observational studies have shown that 
immediate coronary angiography in postcardiac arrest 
patients with ST elevation is associated with improved 
SOHD*! and improved neurological outcome 
associated 9»9799101-13 However, there are no prospective 
randomized trials evaluating these outcomes. 


Hemodynamic Goals 


Recommendation 


Any hypotension [systolic blood pressure <90 mmHg, 
mean arterial pressure (MAP) <65 mmHg] should be 
avoided and promptly treated (class IIb; New) 

Rationale: Identifying a universal, optimal MAP goal 
is difficult. However, patients having a systolic blood 
pressure of «90 mmHg or a mean arterial pressure of 
<65 have poor overall survival and poor neurological 
outcomes, 06-110 


Temperature Management: Induced Hypothermia 


Recommendations 


Patients with lack of meaningful response to verbal 
commands with ROSC after cardiac arrest have should 
receive targeted temperature management (TTM) 
(class I for VE/pVT OHCA; class ! for non-VF/pVT—i.e; 
nonshockable—and inhospital cardiac arrest; Updated) 
Temperature target between 32°C and 36°C should be 
selected and maintained constant (ciass !; Updated) 
Targeted temperature managementshould be maintained 
for at least 24 hours after achieving target temperature 
(class Ila; Updated) 


In the prehospital setting, routine cooling of patients after 
ROSC with rapid infusion of cold intravenous fluids is not 
recommended (class lH; New) 

It may be reasonable to actively prevent fever in comatose 
patients after TTM (class IIb; New) 

Rationale: Initial studies of found that induced hypo- 
thermia (32°C and 34°C) resulted in better neurological 
outcomes compared to standard care. Another study 
found similar outcomes with temperature management 
at 36°C and at 33°C. Hence, TTM is beneficial, and 
clinicians can choose the temperature targets they wish 
to follow.!! 6 However, early initiation of cooling did 
not provide any benefit in randomized trials, and infusion 
of cold fluids in the prehospital period may result in more 
complications.!!*"?! Hyperthermia is associated with 
poor outcomes after cardiac arrest. It may be wise to 
prevent fever after TTM.!22-!29 


Respiratory Care 


Recommendations 


In order to avoid hypoxia after ROSC, the highest 
available oxygen concentration should be given until the 
arterial oxyhemoglobin saturation (SpO,) or the PaO, can 
be measured (class IIa; New) 

When resources to titrate the FiO, and to monitor SpO, 
are available, and the SpO, is 100%, the FiO, may be 
decreasedto obtain a SaO, >94% (class Ia; Updated) 
Rationale: Hypoxia causes poor outcomes in postcardiac 
arrest victims. However, hyperoxia may also be 
detrimental. 9-6 Hence, SpO, should be targeted to >94% 
at any point of time, and to avoid SpO, levels of 100%. 


Prognostication of Outcome: 
Timing of Outcome Prediction 


Recommendations 


In patients with TTM, sedation, and/or paralysis, pro- 
gnostication of neurological outcome based on clinical 
examination should be only done 72 hours after 
normothermia (class IIb; Updated) 

In patients not treated with TTM, prognostication of 
neurological outcome based on clinical examination 
should be only done 72 hours after cardiac arrest (class I; 
New) 

In case residual effects of sedation or paralysis are 
present, prognostication should be delayed even longer 
than 72 hours after cardiac arrest (class IIa; New) 
Rationale: The optimal time for prognostication is when 
the false-positive results (attributable to sedation, muscle 
relaxation and hypothermia) of the various prognostic 
tools approach zero. Multiple investigations suggest that 
it is necessary to wait to prognosticate for a minimum of 
72 hours after ROSC to minimize the rate of false-positive 
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results in patients who had not undergone TTM and to 
wait for some period oftime after return of normothermia 
for those using TTM. 97-140 


Prognosticators of Poor 
Neurological Outcome: Clinical 
Examination Findings that predict Outcome 


"Recommendations 


e In comatose patients, who are not treated with TFM, the 
absence of pupillary reflex to light at 72 hours or moze 
after cardiac arrest (false-positive rate (FPR), 0%; 95% 
confidence interval (CI), 0-8%; class IIa; New] 

e In comatose patients, who are treated with TTM, the 
absence of pupillary reflex to light at 72 hours or more 
after cardiac arrest (FPR, 1%; 596 CI, 0-395; class I; New) 

e ‘The presence of status myoclonus during the first 
72-120 hours after cardiac arrest along with other 
diagnostic tests at 72 or more hours after cardiac arrest 
(class IIa; New) 

e The motor examination may be a reasonable means to 
identify the population who need further prognostic 
testing to predict poor outcome (class IIb; new) 

The following should not be used to predict neurological 
outcome: 

e Absent motor movements or extensor posturing should 
not be used alone for predicting a poor neurologic 
outcome (FPR, 10%; 95% CI, 7-15% to FPR, 15%; 95% CI, 

` 5-31%; class III: harm; New) 

* ‘The presence of myoclonus, which is distinct from status 
myoclonus, should not be used to predict poor neurologic 
outcomes (class III: harm; Updated). 


Prognostication of Outcome: 
Imaging Tests to predict Outcome 


Recommendations 


e In patients, who are comatose after resuscitation from 
cardiac arrest and not treated with TTM, presence of 
a marked reduction of the gray-white ratio on brain 
computed tomography (CT) obtained within 2 hours 
after cardiac arrest to predict poor outcome (class IIb, 
level of evidence B—nonrandomized; New) 

ə Extensive restriction of diffusion on brain magnetic 
resonance imaging (MRI) at 2-6 days after cardiac 
arrest in combination with other established predictors 
(class IIb, level of evidence B—nonrandomized; New). 


Recommendations 


* Blood levels ofneuron-specific enolase (NSE) and S-100B 
should not be used alone to predict a poor neurologic 
outcome (class III: Harm; Updated) i 

e High-serum values of NSE at 48-72 hours after cardiac 
arrest support the prognosis ofa poor neurologicoutcome 
when performed with other prognostic tests (class IIb), 


and especially if repeated sampling reveals persistently 
high values at 72 hours or more after cardiac arrest. 


. CONCLUSION 


The field of cardiopulmonary resuscitation is ever evolving. 
The 2015 guidelines have made a clear distinction in the 
chains of survival of OHCA and IHCA. These guidelines have 
also made changes in the rate and depth of compressions, 
and recommendations regarding decreased leaning and 
importance of compression-only CPR. There is no role of 
vasopressin and high dose adrenaline. The role of coronary 
angiography has been better defined in post cardiac arrest 
care. The guidelines recommend targeted temperature 
management as a modality to manage comatose survivors 
with wide range of target temperature from 32 to 36 degree 
centigrade. Knowledge of predictors of poor outcome 
and thus prognostication translates into optimal care and 
resource use. 
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"CHAPTER 


Prognostication in 
Postcardiac Arrest Status 


Kapil Zirpe, Sushma Patil 


INTRODUCTION 


Cardiac arrest is a major devastating event.'? Intensivists have 

-to make decisions regarding appropriateness of admission 
to intensive care unit (ICU) and of providing treatment for 
post-cardiac arrest patients. Clinicians involved in the care of 
these patients are confronted with optimistic expectations of 
family. A multidisciplinary team has to provide predictions of 
long-term outcome. Postresuscitation care algorithm is well- 
established part of advanced life support “chain of survival’? 
Neurological prognostication is now under taken using 
a multimodal strategy and there is emphasis on allowing 
sufficient time for neurological recovery.“ 


EPIDEMIOLOGY — 


The yearly incidence of cardiac arrest is of about 50-110 
per 100,000 people worldwide.’ Despite improvements in 
resuscitation techniques, mortality for those who suffer an 
out-of-hospital cardiac arrest (OHCA) is >90%.!? Among 
patients who achieve return of spontaneous circulation 
(ROSC), 40% survive to critical care admission and nearly 
30% are discharged alive from hospital." Survivors are left with 
severe neurological impairment. The most common cause of 
death depends on whether the cardiac arrest has occurred, 
in- or out-of-hospital. In OHCA, neurological injury accounts 
fer two-thirds of all deaths, compared with only one-third 
in inhospital cardiac arrest (IHCA).!? Time taken for ROSC 
determines overall outcome. 


Factors Influencing the Neurological Time 
Taken for ROSC Determines Overall Outcome 


e Out-of-hospital cardiac arrest or inhospital cardiac arrest 

e Response time, rates of bystander cardiopulmonary 
resuscitation (CPR), time to defibrillation, duration of 
CPR, quality of chest compression 

e Cause of cardiac arrest (underlying pathological or trigger 
factor for cardiac arrest) 


e Severity of postcardiac arrest syndrome (PCAS) 

* Quality of treatment received during postresuscitation 
period, i.e, optimum support of cerebral and organ 
perfusion, and prevention of extracerebral systemic 
insults (e.g., hyperglycemia and infections) 

* Rhythm before. arrest (ventricular fibrillation or 
tachycardia) 

e Access to emergent coronary angiography 

* Implementation of targeted temperature management 
(TTM; induced mild hypothermia to 32°C or strict 
normothermia at 36°C for 24 h) 

e Age)? mE 


B PATHOPHYSIOLOGY 


Cardiac arrest causes primary and secondary injury. The 
primary injury occurs at the time ofarrest and is nonreversible. 
The secondary injury follows ROSC and subsequent cerebral 
reperfusion and is potentially reversible. Neuronal oxygen 
stores exhaust within 20 seconds leading to unconsciousness 
and within 5 minutes glucose and adenosine triphosphate 
(ATP) stores is depleted (Flowchart 1). Depletion of ATP leads 


Depletion of O, stores 


Disruption in calcium homeostasis, free radical formation, 
activation of harmful protease cascades and cell death 


Reoxygenation induced reactions: inflammatory response, 
free radical, and endotoxin release 


ATP, adenosine triphosphate; ROSC, retur of spontaneous circulation. 


FLOWCHART 1: Pathophysiology of postcardiac arrest events 


wr A wr E 


to disruption in calcium homeostasis, free radical formation, 
andtheactivationofharmfulproteases cascades and cell death. 
After ROSC, cerebral blood flow is also restored. Adenosine 
triphosphate is regenerated. This causes free radical formation 
and secondary cerebral injury. Cell death continues by 
apoptosis and necrosis. Cerebral autoregulation is impaired 
and cerebral edema develops secondary to hyperemic blood 
flow and inflammatory processes. Therapeutic hypothermia 
has role in limiting these mechanisms and thus, improve 
neurological outcome.'^ 


.; POSTCARDIAC ARREST SYNDROME 


The combination of postcardiac arrest cerebral injury and 
ischemia or perfusion response coupled with postcardiac 
arrest myocardial dysfunction and multiorgan dysfunction 
and the persistent precipitating pathology defines the PCAS}? 
(Flowchart 2). This syndrome was first defined by Vladimir 
Negovsky in 1972, a Russian pathophysiologist.'9 It may not 
occur at all if the cardiac arrest is brief. Postcardiac arrest 
brain injury may manifest as coma, seizures, myoclonus, 
varying degrees of neurocognitive dysfunction, and brain 
death. Cardiovascular failure accounts for most death within 
the first 3 days. Post-cardiac arrest syndrome activates 
immune and coagulation pathways leading to multiple organ 
failure and increasing risk ofinfection. Thus, sepsis and PCAS 
has common features (abnormality of microcirculation, 


vasodilation, intravascular volume depletion, hypotension, ` 


endothelial injury, and impaired autoregulation leading to 
hypoxemia, hypercarbia, pyrexia, hypo- or hyperglycemia, 
myocardial dysfunction).!** 


Phases of Postcardiac Arrest 
Syndrome (Fig. 1) 


Postcardiac arrest syndrome has five phases as per International 

Liaison Committee on Resuscitation documents;9" 

1. Immediate care: Consists of initial 20 minutes following 
the return of spontaneous recovery of circulation. 

2. Early phase: Twenty minutes to 6-12 hours, aggressive 
therapeutic measures are required for a successful 
outcome. 


| Ischemia/reperfusion response 


Postcardiac arrest Postarrest myocardial Multi-organ 
cerebral injury dysfunction dysfunction 


persistant pathophysiolgical process/trigger for cardiac arrest 


Postcardiac arrest syndrome 


FLOWCHART 2: Components of postcardiac arrest syndrome 


ROSC - 
Immediate — | 
20 min 4—7]-— — —— 


Early 


Immediate 


72h ITA 
Recovery 


Limit ongoing injury organ 


Prevent recurrence 


Rehabilitation 
Disposition 


FIG. 1: Phases of postcardiac arrest syndrome 


Rehabilitation 
Prognostication 


3. Intermediate phase: From 6-12 hours to 72 hours; 
surveillance and critical care treatment are required 
consistent with therapeutic objectives. 

"4, "Recovery phase: After 72 hours by this time there is clearer 
diagnosis and more predictable results. 

5. Rehabilitation phase: Focuses on the patient's complete 
recovery. 


Postcardiac Arrest Treatment 


The phases of PCAS should be treated with "goal-directed 
therapy’ American heart association has recommended a 
post-cardiac arrest care bundle? (Box 1). 


Box 1; Postcardiac arrest care resuscitation care 

Postcardiac arrest care bundle: 
Optimize ventilation and oxygenation: Target SaO, 294-696, 
normocarbia 
Treat hypotension (SBP «90 mmHg): Target MAP 80-100 
Emergency coronary angiography: Patients with ST elevation and 
without ST elevation but suspected cardiovascular lesion 
Initiate targeted temperature management: target temperature 
between 32 and 36°C 

e Prognostication: 72 h after ROSC (no TTM), 72 h after completion 
ofTTM 
All patients who progress to brain or circulatory death after initial 
cardiac arrest should be considered potential organ donors 


SBP, systolic blood pressure; MAP, mean arterial pressure; TTM, targetted 
temperature management; ROSC, returm of spontaneous circulation. 
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SECTION 1: Hemodynamic Monitoring and Resuscitation 


Optimize Ventilation and Oxygenation 


Control of Oxygenation 


Postcardíac arrest patients; responding immediately 
to treatment, should be given oxygen via a facemask to 
maintain peripheral oxygen saturation of 94% or partial 
pressure arterial oxygen (PaO,) >60 mmHg. Hypoxemia and 
hypercarbia both increase the likelihood of a further cardiac 
arrest and contribute to secondary brain injury. Evidences 
show that even hyperoxemia is harmful.? Hence, the inspired 
oxygen should be titrated to maintain the arterial blood 
oxygen saturation in the range of 94-98%. 


Control of Ventilation 


Consider intubation and ventilation in patient with obtunded 
cerebral function. End-tidal carbon dioxide (EtCO;) and 
arterial blood gas are monitored to maintain normo- 
carbia. Hypocarbia causes cerebral vasoconstriction and a 
decreased cerebral and coronary blood flow causing cerebral 
and coronary ischemia. Targeted temperature management 
decreases the metabolism and may increase the risk of 
hypocacarbia. A sedation protocol is recommended. Bolus 
doses of a neuromuscular blocking drug may be required, 
particularly if using TTM. Short-acting sedation and 
neuromuscular drug are preferred is recommended. To detect 
seizures continuous electroencephalography (EEG) can 
be done in these patients, especially when neuromuscular 
blockade is used. A chest radiograph is advised to check the 
position of the tracheal tube, gastric tube and central venous 
lines, assess for pulmonary edema, and detect complications 
from CPR such as a pneumothorax associated with rib 
fracture. 


Hemodynamic Management 


Blood pressure should be maintained at systolic blood 
pressure «90 mmHg and mean arterial pressure (MAP) 
«65 mmHg. 

Hemodynamic instability is caused secondary to 
myocardial dysfunction. Early echocardiography should be 
performed in all patients to screen and quantify the degree 
of myocardial dysfunction. There is usually a transient 
requirement of inotropes. The systematic inflammatory 
response that occurs frequently in postcardiac arrest patients 
cause vasoplegia and vasodilation. This is treated with 
noradrenaline, with or without dobutamine, and fluid. Blood 
pressure (MAP), heart-rate, urine output, rate of plasma 
lactate clearance, central venous oxygen saturation, and 
serial echocardiography (ejection fraction, inferior venacava 
diameter collapsibility) are monitored to guide treatment. 
Loss of cerebral autoregulation makes cerebral perfusion 
pressure dependent on MAP. Mean arterial pressure between 
80 and 100 mmHg should be targeted. This is the range in 
which perfusion matches the cerebral metabolic activity. 


32  Hypothermia may increase urine output and delay lactate 


clearance? Tachycardia was associated with bad outcome 
in one retrospective study? In mild induced hypothermia, 
the normal physiological response is bradycardia. As long 
as blood pressure, lactate, mixed venous oxygen saturation 
(SvO,), and urine output are adequate, bradycardia of 40/min 
may be left untreated.? Relative adrenal insufficiency occurs 
frequently after ROSC. Postresuscitation shock should not 
be treated with steroids. Hyperkalemia is seen in immediate 
phase of PCAS. Subsequent, endogenous catecholamine 
release and correction of metabolic and respiratory acidosis 
causes intracellular transportation of potassium, causing 
hypokalemia. So, potassium level should be monitored and 
kept between 4.0 and 4.5 mEq/L. 


Coronary Reperfusion 


Acute coronary syndrome is an important cause of OHCA. In 
OHCA patients, cardiac catheterization should be performed 
immediately in the presence of ST-elevation and considered 
as soon as possible («2 h) in other patients in the absence 
of an obvious noncoronary cause, particularly if they are 
hemodynamically unstable,?>**9 


Targeted Temperature Control 


Hyperthermia is common in the first 48 hours after cardiac 
arrest and a period of rebound hyperthermia after mild 
induced hypothermia is associated with increased mortality 
and worse neurological outcome.’ When the patient recovers 
spontaneous circulation, hypothermia reduces the metabolic 
consumption of oxygen and glucose. 

During the second phase, hypothermia reduces the 
formation of excitatory amino acids, particularly glutamate; 
thus prevents activation of the cytotoxic cascade, the 
formation of reactive oxygen species (ROS) and nitric oxide. 

During the third phase, hypothermia preserves the 
integrity of cell membranes and thus preventing the 
occurrence of cerebral edema, neuronal death and blood 
brain barrier injury. 

The advantages of therapeutic hypothermia have 
been very well-explained in a recent meta-analysis. 
Patients treated with therapeutic hypothermia exhibited 
improved neurological function [respiratory rate (RR) 1.55; 
95 confidence intervals (CI) 1.22-1.96] and had a higher 
probability of survival at discharge (RR 1.35; 95 CI 1.10-1.65) 
compared to patients not treated with hypothermia.!! 

Thus, all comatose (lacking meaningful response to 
verbal commands) adults should have TTM with target 
temperature between 32°C and 36°C and then maintained for 
at least 24 hours??? Cooling should be started immediately 
after ROSC. There are various methods of inducing and/or 
maintaining TTM.? 

Other factors to be considered important for optimizing 
neurological recovery are seizures and blood glucose control. 
Myoclonus can be difficult to treat. 
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Blood glucose should be maintained at 180 mg/dL and 
hypoglycemia should be avoided hypothermia is associated 
with higher blood glucose values, increased blood glucose 
variability, and greater insulin requirements. 


Prognostication 


Prognostication of postcardiac arrest a patient is challenging. 
Hypoxic-ischemic brain injury is common after resuscitation 
from cardiac arrest. Two-thirds of those dying after admission 
to ICU following OHCA die from neurological injury due to 
the cost burden and prognostication of a poor neurological 
outcome. Most ofthese deaths are due to active withdrawal of 
life-sustaining treatment (WLST). Ideally, the false-positive 
rate (FPR) of tests used for predicting poor outcome, should 
be zero with narrowest possible CI. However, most of studies 
involving prognostication had few patients, even if the FPR 
is 0%, the upper limit of the 95% CI is often high. And many 
of these studies are confounded by self-fulfilling prophecy, 
which is a bias occurring when the treating physicians are 
not blinded to the results of the outcome predictor and 
use it to make a decision on WLST. Targeted temperature 
management and sedatives or neuromuscular blocking 
drugs may potentially interfere with prognostication indices, 
especially those based on clinical examination.>* 


PREDICTING PATIENTS SURVIVAL. 
$ IMMEDIATELY AFTER RETURN OF 
: SPONTANEOUS CIRCULATION AFTER 
E CARDIAC ARREST — 


Immediate prediction in a postcardiac arrest patient is 
done from immediately available clinical and physiological 
information. 

e Patient characteristics: Age? 

* Speed and quality of prehospital care: As mentioned 
earlier shorter time to CPR, shorter duration of CPR, 
initial rhythm of ventricular fibrillation or ventricular 
tachycardia have been associated with improved 
outcome!?5 

e Cause of cardiac arrest: Asphyxia, and to a lesser degree, 
all extra cardiac causes, are predictors of poor prognosis.’ 
In contrast, sudden nonrespiratory cardiac death is 
usually associated with better prognosis. 

None of these characteristics can give assurance for 
survival or nonsurvival. Thus, prognostication cannot be 
doneonthe circumstances of cardiopulmonary resuscitation. 
Few scoring system have been developed to predict survival 
immediately after cardiac arrest. 

These include the prognosis after resuscitation (PAR) 
score (Table 1) and OHCA score.! The OHCA score is 
cumbersome and cannotbe used in the ward orinemergency, 
Since it is difficult to estimate accurately "no-flow" and 
“low-flow” times. The PAR score was based on retrospective 


TABLE 1 


Prognosis After Resuscitation score 


Metastatic malignancy > 10 
Nonmetastatic malignancy 

Sepsis l 

Dependent functional status 


3 
5 
5 
Pneumonia 3 
Creatinine >1.5 mg 3 

2 


Age >70 years 
Acute myocardial infarction -2 


Note: Prognosis After Resuscitation score >5 indicates nonsurvival. 


analysis of IHCA." The PAR score is more straightforward 
and score »5 predicts nonsurvival. However, clinicians are 
not recommended to use the PAR score as a sole reason to 
determine admission to critical care. 


* PREDICTING NEUROLOGICAL OUTCOME 
.. AFTER CRITICAL CARE ADMISSION 


Neurological function after cardiac arrest is usually assessed 
using cerebral performance categories! (Table 2) and 
Glasgow Outcome Scoring system. These score are unhelpful 
in immediate coarse after ROSC. A stepwise multimodal 
strategy, paying specific attention to appropriate timings 
and combination of prognosticators should be adopted 
(Flowchart 3). 


\ 


Clinical Examination 


Neurological examination is gold standard in 
prognostication because it directly evaluates brain function. 
After reperfusion, brainstem functions-spontaneous 
breathing and reflexes return rapidly followed by reflexes 
related to deep structures. Assessment of brainstem reflexes, 
motor responses to pain, and myoclonus during the first 
72 hours after arrest represented poor prognosis.” Target 
temperature management (target temperatures of 32-36°C) 
and residual sedation can alter this clinical finding making 
repeated assessment necessary. The predictive value of 
clinical examination might be limited by some degree of 
confirmatory bias. While predictors of poor outcome based 


TABLE 2 Cerebral performance categories 


Cerebral performance categories ! Outcome class . 


| Good 


: Poor 


Back to baseline good cerebral performance | Good | 
| Moderate impairment 


| Severe impairment 


: Comatose or vegetative 
i Dead 


3i 
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Prognostic 
predictors 


Immediate/early/ 
intermediate post 
cardiac arrest phase 
no prognostication 


| Post resuscitation 
"|algonthm 


Targeted temperature 
management and 


. sedation 
Time (hour) after CA 


Clinical examination 


EEG 


And/or SSEP 


INS NETTEN 


Diagnosis of irreversible 

| cerebral damage if at 

| least two of: 

|* absent brain stem 
reflexes 

* Myoclonus 

* Non-reactive EEG 

* Bilaterally absent SSEP 

* Imaging diffuse cortical 
oedema/loss 

1 ofgray-whitee matter 
differentiation 

(Exclude confoundres) 


Prognostication 
test to be repeated if 
prognosis uncertain 


EEG, eléctroencephalogram. 


FLOWCHART 3: Multimodal strategy for prognostication 


on clinical examination are inexpensive and easy to use. 
The treating team cannot be concealed from tests used for 
clinical examination and therefore their interpretation may 
influence clinical management and cause a self-fulfilling 
prophecy? 


Pupillary and Corneal Reflexes 


Fixed dilated pupils or bilateral absence of pupillary light 
reflexes at 72 hours after cardiac arrest is a robust indicator 
of poor prognosis, whether the patient undergoes TTM or not 
[FPR 0.5% (95% CI 0-2) vs. 0.5% (0-8)].9^ Although absence of 
pupillary reflexes during the first 24 hour after arrest does not 
suggest good outcome, particularly in hypothermic patients 
[8% (1-25)], presence of pupillary reflexes at 72 hours does 
not indicate good prognosis [predictive value 61% (95% CI 
50-71)]. Absence of corneal reflexes at 72 hour indicates poor 
prognosis [FPR 5% (0-25)], but with lower certainty than 
pupillary reflexes, especially in patients who have received 
sedatives or neuromuscular blockade. The presence of 
comeal reflexes is an unreliable predictor of good outcome 
[predictive value 62% (95% CI 51-72)].2418 


Motor Response 


Absent or extensor response to pain 72 hours after cardiac 
arrest is reliable predictor of poor outcome.?*!? This test can 


be confounded by sedatives, opiates, and neuromuscular 
blockade; and TTM [FPRs up to 24% (95% CI 6-48)]. For 
assessment of motor responses, a strong stimulus should 
be applied to the patient and the residual effects of sedative 
drugs need to be excluded. The residual effect of sedatives 
can be prolonged in TTM or due to reduced metabolic 
clearance (e.g., renal or liver dysfunction), or both.?? The 
elicited response is influenced by timing at which it is done 
and therefore its prognostic accuracy. However, one should 
remember that an extensor or absent response does not 
necessarily signify a poor prognosis. On the other hand 
flexor or even a localized movement does not indicate 
that the patient will recover [positive predictive value 81% 
(95% CI-66-91)].4 In TTM treated patient, absence of motor 
response even after fourth day of arrest, cannot be used as a 
single predictor of poor outcome. 

Myoclonic status has been known to predict poor 
outcome after cardiac arrest, but there have been reports 
of patients who have recovered well despite having early 
postanoxic myoclonus.!” Prognostic certainty has being 
questioned.” Up to 9% of patients with myoclonus survive." 
The precise definition of myoclonus should be clarified 
as not all twitches are myoclonus. Generalized status 
myoclonus (multifocal spontaneous twitches) lasting for 
duration of 30 minutes, occurring even under TTM and 
sedation, is commonly associated with malignant, unreactive 
EEG patterns suggests with poor outcome [FPR 0%(95% 


CHAPTER 5: Prognostication in Postcardiac Arrest Status 


CI 0-3)]^^ Brief myoclonic jerks restricted to the face or 
trunk, controllable with sedatives, and accompanied with 
a more benign (i.e, continuous and reactive) EEG, do not 
suggest poor outcome [up to 1196 (3-26)). Interpretation 
clinical assessment and myoclonus should be carefully done 
on the background of other predictors, especially EEG. 

Thus, on the third day absent pupillary or corneal reflexes 
and absent or extensor motor response predicts a poor 
neurological outcome in postcardiac arrest status patient. 


Electroencephalography 


Electroencephalographs are signals generated by cortical 
postsynaptic potentials. It is widely available, noninvasive, 
inexpensive, and provides real-time investigation of 
electrical brain activity. The use of EEG is used to detect 
seizures and postanoxic status epilepticus, which is 
seen in 10-40% of patients and are associated with poor 
outcome.? For decades, it has been routinely used in coma 
prognostication. Electroencephalograph is very informative 
because several EEG features correlate with degree of 
neuronal injury. The availability of computed tomography 
(CT) and magnetic resonance imaging (MRI) compatible 
electrodes has facilitated the use of continuous EEG in 
the intensive care setting. The development of automated 
EEG screening has made EEG interpretation easy. Electro- 
encephalogram recording should be started 12-hour after 
cardiac arrest. The American Clinical- Neurophysiology 
Society has published standardized guidelines for EEG 
interpretation, which have been validated in the setting 
of coma prognostication. Electroencephalogram findings 
can be classified into three main aspects, discussed in the 
following three sections (Flowchart 4). 


Background Activity 


Electroencephalography activity are not affected by mild 
hypothermia, whereas sedative drugs used during TTM can 
interfere in EEG measurement (especially background and 
reactivity), depending on the drug and dose used. However, 
several studies reveal that sedative infusions of midazolam 
in the range of 0.1-0.2 mg/kg/h or of propofol in the range 
of 2-3 mg/kg/h, prognostic accuracy of EEG is maintained in 
first 24 hours, with or without TTM. After 2-3 days in patient's 
receiving sedation, the accuracy of EEG measurement is 
reduced. If the patient receives sedative doses higher than 
those mentioned above, EEG findings should be interpreted 
with caution. Background activity represents global cerebral 


Electroencephalogram 


| Background activity | | Background reactivity | | Epileptiform features 


FLOWCHART 4: Use of electroencephalogram for prognostication 


Box 2: Background saioan capli lopan ae activity with x 
poor and good outcome | 


Poor outcome 


Good outcome 

* Appearance of low-voltage 
(«20 uV) or isoelectric 
(suppressed) background at 24 h 


e Continuous background 
activity as early as 12 h 
after cardiac (positive 


[FPR 0% (95% CI 0-17)] predictive value 9296) 
e Burst suppression at any time e Normal voltage 
[0% (0-11)] background at 24h 


[positive predictive value 
72% (53-86)] 


e Burst suppression with identical 
bursts [0% (0—-17)] 

e Spontaneously discontinuous 
background during TTM [7% 
(0-24)] 

FPR, false positive rate; Cl, confidence interval; TTM, targeted temperature 

management. 


functioning. Anoxic-ischemic injury causes neuronal damage 
causing decreased amplitude and slowing of background 
activity. Electroencephalogram findings associated with poor 
prognosis and good outcome? *1*4 (Box 2). An exception 
to good prognosis related to background activity is an EEG 
indicative of alpha coma. This is associated with poor 
prognosis of patients. ` 


Background Reactivity 


Here auditory or noxious stimuli is given, EEG response 
recorded is called as reactivity and is recorded as either as 
a transient attenuation or increase in electrical activity. If 
assessed after TTM [FPR 7% (CI 1-15)], absence of reactivity 
indicates poor prognosis, prognostication becomes stronger 
if done during TTM [2% (0-9)]. In about 15% of patients 
rhythmic, periodic, or ictal discharges are seen after stimulus, 
these are not physiological reactivity, and herald poor 
prognosis [FPR 2%(0-11)], particularly if recorded during 
TTM or sedation. Presence of reactivity if recorded during 
TTM indicates good prognosis [positive predictive value 86% 
(71-92). 44 


Limitation of Electroencephalography 


Error can occur because of 

l. Lack of a standard definitions and classifications for 
different EEG patterns. 

2. The diagnosis of absent or present EEG reactivity relies 
on the experience and expertise of the neurologist who 
interprets the EEG. 

3. The exact degree of stimulus needed to reproduce EEG 
changes and reactivity has not been standardized. 
Standardivation of stimulus protocol can overcome this 
drawback. Muscle activity occurring after weaning from 
sedation may produce artifacts and necessitate muscle 
relaxation.?? 
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SECTION 1: Hemodynamic Monitoring and Resuscitation 


Epileptiform Features 


Occurence of sharp waves, spikes, poly-spikes, and waves, 
collectively described as epileptiform features. If these 
features occur after TTM, it is associated with poor outcome 
[FPR 9% (CI 2-21). In some patients with preserved 
brainstem reflexes EEG suggesting status epilepticus appears 
after TTM and sedation weaning, and have, background 
reactivity, and somatosensory evoked potentials, these 
patients can be predicted to have reasonable functional 
recovery. Patients with abovementioned features suggesting 
a potentially good prognosis should be treated aggressively 
with anticonvulsants. Suggested optimum duration for 
treatment in such patient is not known, but extension beyond 
2 weeks is not recommended ^5 


Standard or Continuous Electroencephalography 


Two standard EEG recordings of 20-30 minutes with 
background reactivity recording done within 48 hours of 
cardiac arrest are said to be as informative as continuous EEG. 
The only recommendation of continuous EEG is monitoring 
of postanoxic status epilepticus. Repeated assessments 
may be needed as electrical activity can change with time, 
particularly, during the first 72 hours after cardiac arrest; in 
such case continuous EEG is preferable? 


Bispectral Index 


A bispectral index (BIS) consists of a special designed 
electrode which is attached to patient's head and a BIS value 
between 0 and 100 is obtained indicating cerebral activity. 
In TTM, a BIS value x22 and a burst suppression ratio of 
248 immediately after first dose of neuromuscular block 
are associated with poor neurological prognosis.! However, 
prediction may be wrong in up to 10% of patients. In combi- 
nation with clinical and other indicators of poor neurological 
prognosis, BIS may provide additive information.! 


Somatosensory Evoked Potentials 


Somatosensory evoked potentials (SSEP) is noninvasive 
method that involves monitoring of brain response to 
electrical stimulation to one of the peripheral nerves. For 
this test, peripheral nerve should be intact. In cardiac 
arrest patients, median nerve is most commonly stimulated 
bilaterally at wrist. Electrodes are placed at elbow-Erb's 
point on the cervical medulla and on the parietal and frontal 
cortex. Specific responses are identified as N9 for Erb’s point, 
N14 for cervical medulla, and N20 for cortex. 

The two types of SSEP studied are early latency evoked 
potentials and middle latency’ evoked potentials. Early 
latency evoked potentials are being studied in setting of post- 
cardiac arrest status. 


Early-latency Evoked Potentials 


Early latency evoked potentials is done by the averaging 
of cortical electrographic responses of afferent pathway 
generated after repetitive stimulation of nerve. A repetitive 
electrical stimulations is applied to the median nerve, it 
is transmitted to the contralateral postcentral gyrus, and 
recorded about 20 minutes after the stimulation (N20). It is 
represented by a negative deflection. Bilateral absence of the 
N20 response is strongly indicates poor outcome, both during 
[FPR 0% (95% CI 0-2)] and after [0.5% (0-2)] TTM.'^'? The 
accuracy of evoked potentials is extremely high for prediction 
of poor prognosis. The accuracy in predicting a favorable 
outcome of bilaterally present N20 range from 40% (29-50) to 
58% (49-68). This is extremely low compared to continuous 
reactive EEG (approximately 80%). Evoked potentials have 
a lower sensitivity than the absence of reactivity on EEG 
to predict a poor outcome [43% (31-57) and 74% (62-84), 
respectively]. Thus, early latency evoked potentials do not 
provide additional information compared to EEG, clinical 
assessment, and biomarkers. Quantitative assessment of N20 
amplitude has been suggested to offer additional prognostic 
information ?* 


Middle-latency Evoked Potentials 


Middle-latency evoked potentials are intracortical associative 
interactions and can be recorded up to 100 minutes after 


 stiimulation. They are recorded by averaging the response 


to several stimuli to cancel out the background EEG noise. 
Middle-latency evoked potentials shows better functional 
connectivity than early-latency evoked potentials; but are 
difficult to record. The presence of middle-latency responses 
has been reported to have a positive predictive value for 
awakening as high as 97%, to as low as only 28%. The presence 
of pain induced middle-latency evoked potentials strongly 
predicts recovery of consciousness (positive predictive value 
of 100%).4 


Limitation of Somatosensory Evoked Potentials 


Ithasonly moderate interpretation reproducibility. Electrical 
ICU equipment that can interfere with readings should also 
be turned-off whenever possible. Providing more stimuli 
(up to 1,000 or more) and increasing the stimulus intensity 
can also improve accuracy? 


Biochemical Markers 


Cardiac arrest status causes cerebral hypoxia leading to 
destruction neurons and astrocytes. Thus, wide range of 
proteins is released in blood and can be used as markers for 
cellular injury. These biomarkers are quantifiable biological 
substances, measured in peripheral blood. Only two markers 
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are extensively studied neuron specific enolase (NSE marker of 
neuronal damage) and S-100ß (marker of astrocyte damage). 


Neurospecific Enolase 


Neurospecific enolase is an isomer of enolase, a cytoplasmic 
glycolytic neuronal enzyme present in neurons and 
neuroendocrine cells. Before advent of TTM serum, NSE 
concentration of >33 pg/L between 24 and 72 hours after 
cardiac arrest is strongly suggest poor outcome [FPR 0% (95% 
CI 0-3)].24 However, studies after advent of TTM showed 
variable results, maximal concentration in patient with 
good outcome ranging from 48pg/L at 24 hours to 80 pg/L 
at 72 hours. The reliability in patient who receives TTM at 
33°C is questionable. Present data suggest that patients with 
a serum NSE concentration in excess of 80 pg/L within the 
first 72 hours after cardiac arrest have poor prognosis. Serum 
concentrations of <33 pg/L are related to good outcome 
[positive predictive value 6396 (52-73)]; thus, it is suggested 
not to apply a single threshold for prediction of good or 
poor outcome. The trend of serum NSE concentration 
measurements taken over the first 72 hours could be more 
accurate in predicting outcome than a single value. 


Limitations 


An important caveat to the use of biomarkers is sample 
collection, heterogeneous measurement techniques, and the 
skills of the laboratory staff. Biomarker concentrations could 
also theoretically increase because of hemolysis in patients 
who are treated with extracorporeal membrane oxygenation. 
Neurospecific enolase is present in neuroectodermal cells 
and high concentrations can be seen in patients with small- 
cell lung carcinoma? 


Serum S-100ß Protein 


Serum S-1008 protein is released by glial cells after brain 
insult. Extracerebral sources are adipose tissue and muscle. 
It has got short half-life so S-100B concentration increases 
quickly after hypoxia induced injury. Even within 24 hours 
of cardiac arrest, high concentrations >0.5 pg/L indicates 
poor prognosis.”*!3 Plasma level of S-100 depends on renal 
function." 

Due to less availability of test and variable threshold for 
poor outcome, this biomarker is less commonly used. 


Neuroimaging 


Brain imaging reveals structural alterations and quantifies 
the postcardiac brain injury. 

Imaging studies have advantage that is unaffected by 
sedative drugs.'? 


Computed Tomography Brain 


Computed tomography provides valuable information 
if the cause of cardiac arrest is uncertain and helps to 
rule out intracerebral bleed. Computed tomography 
indications of brain hypoxia include loss of or reduced 
gray or white matter discrimination and sulcal edema or 
effacement.^*!*!* They appear more prominent in central 
areas such as basal ganglia and thalami." Loss of GM or 
WM discrimination within 2 hours of cardiac arrest seems a 
reliable predictor of poor outcome [FPR 0% (95% CI 0-12)]** 
but has is poor [positive predictive value 37% (9-75)] for 
predicting good prognosis. The sensitivity was extremely low 
(3.5-6%). 


Magnetic Resonance Imaging Brain 


Magnetic resonance imaging has higher resolution than CT, 
identification of structural abnormalities in the neocortex, 
deep grey nuclei, and hippocampi is easier. The use of 
MRI (particularly diffusion-weighted MRI) is preferred. in 


. patients with a poor outcome, occipital and mid-temporal 


cortex and the putamen can show restricted diffusion, 
suggestive of cytotoxic edema.^^'^Analysis of diffusion- 
weighted MRI across different brain areas have shown an 
FPR of 0% (95% CI 0-22) for predicting poor outcome, with 
excellent inter-rater agreement. Furthermore, absence 


of diffusion changes does not consistently predict a good .. 


outcome [positive predictive values 7396 (45-92)80 or 7596 
(63-85)]. It is recommended that MRI be done between 24- 
48 hours and 7 days after cardiac arrest. 


Limitations 


The risk during transportation to the scanner of patients 
who are critically ill and the unclear prognostic value 
of imaging techniques (especially when assessed only 
qualitatively), explain why imaging remains optional in most 
prognostication algorithms. 

In practice, brain CT is recommended if cause of cardiac 
arrest is unknown. Brain MRI can be considered in centers 
where appropriate resources and expertise are present, to 
complement multimodal assessments. It is also preferred 
in patients who are in persistent coma for several days, 
where prognostic signs of poor outcome with clinical, 
electrophysiological, and blood tests are uncertain. 


(| SUGGESTED PROGNOSTICATION STRATEGY 


Multimodal assessment is supported by a growing body of 
evidence and is strongly advocated whenever doubt persists 
because-each single method when used alone carries risks of 
false prediction.2** Apart from increasing safety, limited 
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evidence also suggests that multimodal prognostication 
increases sensitivity. It is applicable to all patients who 
remain comatose with an absent or extensor motor response 
to pain at 72 hours from ROSC. 


Timing of Neurological Prognostication 


In previous guidelines, 72 hours after cardiac arrest has been 
established as a suitable time for prognostication because by 
this time, several clinical findings can support an unfavorable 
prognosis with a very high certainty, and patients with a 
favorable prognosis have typically regained consciousness. 
Electroencephalogram can be done 12-24 hours after cardiac 
arrest? In multimodal algorithm, clinical examination and 
electrophysiological studies (EEG, evoked potentials, or 
both) should be carried out after return to normothermia and 
sufficient time after discontinuation of sedation. At earliest 
prognostication should be done at 48 hours postcardiac 
arrest. Repeat examination is mandatory at 72 hours in 
those who do not show clear signs of awakening. Since 
induced hypothermia changes the conditions for the clinical 
neurological examination, postpone the final assessment 
in hypothermia treated patients to atleast 72 hours after 
normothermia, i.e., approximately 4.5 days after the arrest. 


Stepwise Prognostication 


Rule out Confounders 


Major confounders like sedation and neuromuscular 
blockade, hypothermia, severe hypotension, hypoglycemia, 
and metabolic and respiratory derangements need to be 
excluded. Suspend sedatives and neuromuscular blocking 
drugs for long enough to avoid interference with clinical 
examination. When residual sedation or paralysis is 


‘suspected, antidotes to reverse the effects of these drugs 


should be considered. 


Step 1: An attempt is made to search an optimum 
combination of prognostic variables, clinical assessment 
(particularly myoclonus and brainstem reflexes), EEG 
background reactivity, and serum NSE concentrations seem 


‘to have the best predictive value to identify patients with a 


poor outcome. So far, no combination of tests heralding 
good prognosis have sufficient high quality evidence. A 
careful clinical neurological examination remains the 
foundation for prognostication of the comatose patient 
after cardiac arrest perform a thorough clinical examination 
daily to detect signs of neurological recovery or to identify 
a clinical picture suggesting that brain death has occurred. 
Result of prognostic tests which were carried need to be 


also considered at this time point. Evaluate the most robust * 


predictors first. These predictors have the highest specificity 
and precision (FPR 5% with 95% CI 5%) in patients treated 


with controlled temperature?^ They include bilaterally 
absent pupillary reflexes at 72 hours from ROSC and 


bilaterally absent SSEP N20 wave after rewarming (this last 
sign can be evaluated at 24 hours from ROSC in patients who 


have not been treated with controlled temperature). Based 
on expert opinion, we suggest combining the absence of 
pupillary reflexes with corneal reflexes for predicting poor 
outcome at this time. Ocular reflexes and SSEPs maintain 
their predictive value irrespective of target temperature. 


‘Step 2: Diagnosis of irreversible cerebral damage if at least 
two of these predictors are present: 


1. Absent brainstem reflexes. 

2. Early status myoclonus (within 48 hours from ROSC). 

3. Anunreactive malignant EEG pattern (burst-suppression, 
status epilepticus) after rewarming. 

4. ‘The presence of a marked reduction of the GM/WM ratio 
or sulcal effacement on brain CT within 24 hours after 
ROSC or the presence of diffuse ischemic changes on 
brain MRI at 2-5 days after ROSC. 

By this time concentration reports of biomarkers should 
be available. High values of serum NSE at 48-72 hours after 
ROSC are considered in poor outcome. Measuring trends in 
NSE levels is highly valuable prognostic marker as it reduces 
the risk of false-positive results. 


Step 3: This involves only imaging technique (MRI). When 
prolonged sedation and/or paralysis is necessary, for 
example, because of the need to treat severe respiratory 
insufficiency, we recommend postponing prognostication 
until a reliable clinical examination can be performed. 
When dealing with an uncertain outcome, clinicians should 
consider prolonged observation. 


P ORGANDONATION —. ijedt 


Organ donation counseling should be considered in: 
e Who fulfill criteria for brain death after ROSC is achieved 
e Comatose patients in whom a decision is made to 
withdraw life-sustaining therapy 
e After circulatory death occurs 
e Individuals where CPR is not successful in achieving 
ROSC. 
All decisions concerning organ donation must follow 
locallegal and ethical requirements, as these vary in different 
settings. 


M NEW PROGNOSTIC METHODS — .— 


Some of the future prognosticators are automated pupillo- 
metry, long-latency evoked potentials, and other biomarkers 
such as plasma neurofilament heavy-chain protein, 96 serum 
glial fibrillary acidic protein, brain-derived neurotrophic 
factor, and tau protein and cerebral oxygenation. 


$ CONCLUSION 


Prognostication after cardiac arrest has become an integral 
part of post-resuscitation care. 

It has progressed to a multimodal strategy which 
integration of clinical examination and judicious of infor- 
mation provided by many tests. Prognostication should never 
be based on a single indicator; although some variables have 
a very low FPR for poor outcome. Multimodality assessment 
increases the reliability of a prognostic estimation.?-^^- 


g REFERENCES 


1. Temple A, Porter R. Predicting neurological outcome and survival after cardiac 
arrest. Contin Educ in Anaesth Crit Care Pain. 2012;12(6):283-7. 

2. Taccone FS, Cronberg T, Friberg H, et al. How to assess prognosis after cardiac 
arrest and therapeutic hypothermia. Crit Care. 2014;18(1):202. 

3. Nolan JP, Soar J, Cariou A, Cronberg T, et al. European resuscitation council 
and European Society of Intensive care medicine 2015 guidelines for post- 
resuscitation care. Intensive care Med. 2015;41:2039-56. 

4. Rossetti AO, Rabinstein AA, Oddo M. Neurological prognostication of outcome in 
patients in coma after cardiac arrest. Lancet Neurology. 2016;15(6):597 -609. 

5. Mongardon N, Dumas F, Ricome S, et al. Postcardiac arrest syndrome: 
from immediate resuscitation to long term outcome. Ann Intensive Care. 
2011;1(1):45. 


CHAPTER 5: Prognostication in Postcardiac Arrest Status 


10. 


1. 


12. 
13. 


14. 


15. 


Vargas JRN, Diaz JL. Post cardiac arrest syndrome. Colombian Journal of 
Anesth. 2014;42(2):107-13. 

Neumar RW, Nolan JP, Adrie C, et al. A consensus statement from International 
Liason Committee on Resuscitation; the American heart association emergency 
cardiovascular care committee; Post cardiac arrest syndrome. Circulation. 
2008;118(23):2452-83. 

Callaway CW, Donnino MW, Fink EL, et al. Part 8: Post-Cardiac Arrest Care: 
2015 American Heart Association Guidelines Update for Cardiopulmonary 
Resuscitation and Emergency Cardiovascular Care. Circulation. 2015;132(18 
Supp! 2):5465-82. 

Nolan JP, Deakin C, Lockey A, et al. International Liasion Committee on 
Resuscitation Consensus on Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Science with treatment recommendations. European 
resuscitation council. 2015;95:e1-31. 

Reynolds JC, Lawner BJ. Management of Post-cardiac arrest syndrome. 
J Emerg Med. 2012;42(4):440-9, 

Asrich J, Holzer M, Harvel C, et al. Hypothermia for neuroprotection in 
adults after cardiopulmonary resuscitation. Cochrane Database Syst Rev. 
2012;9:00004128. 

Ebel MH. Prearrest predictorsurvival following in-hospital cardiopulmonary 
resuscitation :a meta-analysis. J'Fam Pract. 1992:34(5):551-8. 

Samaniego EA, Persoon S, Wijman CA. Prognosis after cardiac arrest and 
Hypothermia: A new Paradigm. Curr Neuro! Neuroscience Rep. 2011;11(1):111-9. 
Cronberg T, Brizzi M, Liedhlom LJ, et al. Neurological Prognostication after 
cardiac arrest—Recommendations from Swedish resuscitation Council. 
Resuscitation. 2013;84(7):867-72. 

Blondin NA, Greer DM. Neurologic Prognosis in Cardiac Arrest Patients treated 
with Therapeutic Hypothermia. Neurologist. 2011;17(5):241-8. 


39 


1 


(5 


Barriers and Controversies in 
Implementation of Induced Hypothermia 


Palepu B Gopal, Rahul B Amte, Krishna P Mulavisala 


: INTRODUCTION 


‘Sudden cardiac arrest constitutes to be a major public health 


burden across the world. Despite advances in protocoled 
cardiopulmonary resuscitation (CPR) and postresuscitation 
care, survival rates of those who, present with either in- or 
out-of-hospital cardiac arrest (OOHCA) are still poor. In those 
successfully resuscitated from cardiac arrest, subsequent 
mortality is still high. For OOHCA, survival to hospital 
discharge was only 9.5% and for in-hospital cardiac arrest 
survival to discharge was only 23%.' Initial ischemic insult 
of cardiac arrest followed by subsequent reperfusion injury 
of resuscitation, termed ischemia-reperfusion injury is the 
prime reason for postarrest syndromes.?? Clinically, the most 
sinister result of ischemia following cardiac arrest is brain 
injury.* In all reported series, the most common cause of 
death or withdrawal of life-sustaining therapy is brain injury.*^ 
Consequently, various proposed strategies have been directed 
at ameliorating neurological injury following return of 
spontaneous circulation (ROSC). One of the most promising 
therapies in this respect has been induced hypothermia (IH), 
also referred to as therapeutic hypothermia (TH) or targeted 
temperature management (TTM). 


= HISTORICAL BACKGROUND 


Hypothermias role in attenuating injury has been 
recognized historically. Animal studies of 1950s and 1954 
by-Hegnauer and D'Amato deinonstrated decreased oxygen 
consumption in hypothermic dogs." The first human study 
by Benson et al. in 1959 demonstrated decreased mortality 
with'hypothermia after cardiac arrest. 

Two studies published in the February 2002 in New 
England Journal of Medicine demonstrated improved 
survival and neurological outcontes with induction of mild 
IH for comatose survivors of OOHCA (Table 1), thereby 
making implementation of IH a regular medical intervention 
in these kinds of patients. 


Bernard et al. examined the endpoint of survival to 
hospital discharge to home or a rehabilitation facility (good 
outcome) in 77 patients, and demonstrated favorable neuro- 
logical outcome in hypothermia group (4996) compared with 
normothermic group (26%).° 

The Hypothermia After Cardiac Arrest (HACA) Study 
Group showed that, when applied to unconscious OOHCA 
patients with ROSC (n = 274), mild hypothermia (cooling 
to 32-34°C) provided significant improvement in functional 
recovery at hospital discharge [55% vs. 39%; number needed 
to treat (NNT) = 6] and lower 6-month mortality rate when 
compared with patients who were not cocled (41% vs. 55%) 
(NNT =7).!° 

Subsequently, two large studies published in 2013 raised 
fresh questions regarding IH in post-cardiac arrest patients. 
The TTM study,!! which evaluated IH to a target temperature 
of 33 versus 36°C, failed to find a difference in outcome 
(cerebral performance category scale, modified Rankin 
scale and mortality) between the two groups. They actively 
controlled the temperature during the intervention period 
and aimed to prevent fever during the first 3 days after cardiac 
arrest (Table 2). Kim et al.?? studied the effect of prehospital 
induction of mild hypothermia, using infused cold saline by 
paramedics in the field, on survival and neurological status 
and found that this intervention did not improve either of 
these endpoints. 

In a retrospective cohort study a correlation between the 
duration of the circulatory standstill, defined as no-flow 
time, and the effect ofTH was studied. The authors concluded 
that the benefit of IH of 32-34°C increased with cumulative 
duration ofcirculatory standstill, being significant with a no- 
flow time of more than 2 minutes [odds ratio (OR) 2.72; 9596 
confidence interval (CI): 1.35-5.48] resulting in a maximum 
benefit beyond 8 minutes (OR 6.15; 95% CI: 2.23-16.99).? 
In addition, a recent study! revealed a significant effect 
of the overall duration of CPR efforts, defined as low-flow 
time, on survival and neurologic outcome of cardiac arrest 
victims. In this study, patients undergoing IH of 32-34°C 


had increased odds of a favorable neurologic outcome with 
an overall resuscitation time below 29 minutes (OR 2.89; 
95% CI: 1.53-5.43).!5 


Comparison of Bernard study (2002) to Hypothermia 


TABLE 1 After Cardiac Arrest (2002) study 


: Hypothermia After 
Cardiac Arrest, 2002 


Bernard et al., 2002 


Design | Randomized clinical ^ Randomized clinical trial — 
i trial with blinded ` with blinded assessment of ` 
` assessment of , endpoint 
_ endpoint 

Chief _ © Initial rhythm VF : e Witnessed cardiac arrest 

inclusion | e Successful ROSC | e Initial rhythm VF or 
i e Persistentcoma |  nonperfusing ventricular 
| after ROSC tachycardia 


| Age 18-75 years 

e Estimated 5-15 min 

i from collapse to first 

| attemptatresuscitation 

| * «60 min from collapse 
to! ROSC 


; Chief Age <18 years Tympanic membrane 
“exclusion ; (men) temperature <30°C on 
‘e Age<50years | admission 
_ (women) ` e Pregnancy 
`e Cardiogenic | e Response to verbal 
shock — : commands after 
Possible causes s of | ROSC and before 
coma other than | randomization 
cardiac arrest : e Cardiogenic shock 
e Significant hypoxemia 
i -after ROSC 
; Total 77 275 
‘enrolment | | 
Outcome: — | 499 (hypothermia) - | | 559; (hypothermia) vs. 39% ` 
‘favorable — | vs. 26% | (normothermia) p = 0.02, 
| neurology at | (normothermia) i ARR 14%, NNT 7 
| euge | p 0.046, APR 23%, | 
i [NNT43 


ROSC, return of spontaneous circulation; VE ventricular fibrillation; ARR, daie 
risk reduction; APR, annual percentage rate; NNT, number needed to treat 
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Considering the findings of above studies, various 
international organizations have strongly recommended 1H 
after resuscitation and ROSC of CA. The International Liaison 
Committee on Resuscitation (ILCOR) has since stated, 
"Unconscious adult patients with spontaneous circulation 
after OOHCA should be cooled to 32-34°C for 12-24 hours 
when the initial rhythm was ventricular fibrillation and that 
such cooling may also be beneficial for other rhythms or in- 
hospital CA"! 

The European Resuscitation Council (ERC) reinforces 
this recommendation and states that IH is “safe and 
effective even if there is lack of experience"!" This practice 
has been rather liberally applied in the academic tertiary 
care environment, in the community hospital setting and in 
the prehospital environment. 9??? 

American Heart Association (AHA) joined the hypo- 
thermia recommendations through its algorithms for 
Advanced Cardiac Life Support 2015 guidelines in which it 
also recommended that IH can be deployed in the comatose 
(i.e., lack of meaningful response to verbal commands) adult 
patients with ROSC after cardiac arrest have TTM.?! 


à PHYSIOLOGICAL CONSEQUENCES OF 
| INDUCED HYPOTHERMIA AND 
ITS IMPLICATIONS 


The key to understanding the various benefits, harms, 
barriers, and limitations of IH lies in understanding the 
pathophysiology of post-cardiac arrest syndromes and the 
hypothesized mechanisms of action of IH in ameliorating 
these pathophysiological processes (Fig. 1). 

Cardiac arrest and ROSC is a case of whole body ischemia 
and subsequent reperfusion injury. This injury mechanism 
along with prearrest comorbidities causes enormous 
biochemical, structural, and functional insults, which is a 
complex inter-related processes leading to progressive cell 
destruction, multiorgan dysfunction, neuronal apoptosis, 
and programed cell death.” 

Many studies have shown that hypothermia can interrupt 
these temperature sensitive early stages of apoptotic pathway, 
thereby contributing to protection of the brain and heart. 


TABLE 2 Outcomes of targeted temperature management at 33°C versus 36°C after cardiac arrest" 


Outcomes 33°C group 


no/total number (%) 


36°C group 


p value 


Hazard ratio or risk ratio 
(95% confidence interval) 


l | Primary outcome: deaths at end of trial 


235/473 (50) | 225/466 (48) — | 1.06 (0.89-1.28) 051 | 
[Secondary outcomes 00000000000 (0 
Neuologicfunctonatfolowup So NONEM. EAN T EE 
| | Cerebral performance category of 3-5 i T 251/469 (54) " | 2421464 (52) | 02(0. 88-1 66) 
| Modified Rankin scale sc Score 2 of 4-6 4-6 pem | 245/469 62) | 239/464 (62) H i d 01 (0. 89-1. 14) i 
| Deaths. at 180 180 days i Bv (48) l EZTI E M (0, 387-1. 15) 
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lCerebral metabolism 


below 37°C 


{Reperfusion injury 


Suppression of epileptic 


activity and seizures 


Mitochondrial injury and 
dysfunction 


Local generation of endothelin 
and thromboxane A2; 


generation of prostaglandins 


lImmune response, 
Jneuroinflammation 


Improved tolerance for 
ischemia 


{Spreading depression-like 
depolarizations 


Cell membrane leakage, 
(decrease 6~10% per °C| |lformation of cytotoxic edema, 
lintracellular acidosis 


Destructive processes 
following 
ischemia/reperfusion 
-that can be prevented or 
significantly mitigated by 
hypothermia 


lPermeability of the 


blood-brain barrier, 
ledema formation 


Jon pump dysfunction, 


linflux of calcium into cell, 
Jneuroexcitotoxicity 


Apoptosis, calpain 
mediated proteolysis, 
deoxyribonucleic injury 


lProduction of free 
radicals 


(O,, NO,, H,O,, OH’) 


‘LImproved cerebral 
metabolism, acidosis, 
production of toxic 
metabolites 


Decreased vascular 
permeability, Ledema 
formation 


Activation of protective 
“early genes” 


Cerebral thermopooling 
and local hyperthermia 


{Coagulation activation, 
Jormation of microthrombi 


FIG. 1 Mechanisms underlying the protective effects of mild-to-moderate hypothermia 


Under hypothermic conditions, the quantity of free radicals 
that is generated is significantly reduced. Hypothermia has 
some anticoagulatory effects as well. 

Numerous animal experiments have clearly demon- 
strated that key destructive processes of the neuroexcitatory 
cascade (such as calcium influx, accumulation of glutamate, 
and the release of its coagonist glycine) can be prevented, 
interrupted, or mitigated by hypothermia.? Hypothermia 
may decrease the area of cardiac injury, promote epicardial 
reflow, decrease myocardial metabolic demand, and preserve 
intracellular high energy phosphate stores.?^?5 


ADVERSE EFFECTS OF 
ài INDUCED HYPOTHERMIA 


Hypothermia is also associated with a number of adverse 
effects and complications,” which will have their impact on 
the status and outcome of the patient undergoing IH. 


Cardiovascular 


Considering the fact that almost 80% of the patients with 
cardiac arrest have a background of cardiac disease and 
almost 60% of the mortality in adults is due to coronary artery 
disease, they are more prone to hypothermia induced cardiac 
dysfunction and hemodynamic imbalance.?^? 

Lower heart rate in hypothermia is due to the decrease 
in diastolic depolarization of sinoatrial node cells. Electro- 


cardiographic changes, which are noted in JH include 
increased interval between different complexes (PR and QT) 
and also widening of the wave of ventricular depolarization 
(QRS), and sometimes, the presence of Osborn wave. 
Increased incidence of serious arrhythmias, when the core 
body temperature reaches about 28-30°C with concomitant 
electrolyte abnormalities may be troublesome. Moreover, 
hypothermic myocardium is resistant to antiarrhythmic 
drugs such as amiodarone and xylocaine. 

Induced hypothermia induction increases catecholamine 
levels, thereby increasing cardiac output and metabolic 
demand of myocardium (cerebral metabolic rate of oxygen). 
This also shifts blood volume from the peripheral to the central 
circulation and also increases venous return causing sinus 
tachycardia. When the body temperature falls below 35.5°C, 
it causes sinus bradycardia, diastolic and systolic dysfunction 
leading to a 25% decrease in cardiac output. Central venous 
blood oxygen saturation remains unchanged or may increase 
due to decreased oxygen consumption in the peripheral 
tissues.”6 

Myocardial ischemia in hypothermic patients depends 
on the previous status of coronary artery in patient, so that 
in normal individuals, hypothermia has been shown to 
improve myocardial blood flow; however, in patients with a 
history of coronary artery disease, it causes vasoconstriction 
in atherosclerotic arteries? Recurrence of ventricular 
fibrillation would be dangerous for the patients, if moderate 
induced hypothermia (MIH) is initiated soon after ROSC.? 
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Coagulopathy 


induced hypothermia causes mild increase in bleeding 
tendency by affecting platelet number and function, 
production of clotting enzymes, and tissue plasminogen 
activator inhibitor enzyme.” Platelets become sequestrated 
in the spleen and liver during hypothermia, and re-enter the 
circulation after rewarming. Coagulopathies associated with 
hypothermia would question the safety of the procedure in 
patients following revascularization of the coronary arteries 
with fibrinolytic medications or percutaneous coronary 
intervention. 


Electrolytes 


Increased renal excretion of electrolytes and the resulting 
intracellular shift lead to hypomagnesemia, hypokalemia, 
and hypophosphatemia. Magnesium deficiencyis associated 
with cerebral and coronary vasoconstriction and adverse 
neurological outcomes. It also causes atrial and ventricular 
arrhythmias, bronchospasm, seizures, and metabolic effects 
suchas insulin resistance. Magnesium deficiency can further 
augment hypokalemia, hypocalcemia, hyponatremia, and 
hypophosphatemia leading to further arrhythmias, muscle 
weakness, and neuromuscular disorders? Magnesium 
supplementation is reported to prevent the damage caused 
by reperfusion. Hypophosphatemia causes weakness of 
- the diaphragmatic and respiratory muscles, increased 
tisk of respiratory infections, and delay in weaning the 
patient from the mechanical ventilator. Clinical effects 
of hypokalemia include cardiac arrhythmias, muscle 
weakness, rhabdomyolysis, renal failure, and elevated levels 
of blood sugar (due to suppression of insulin secretion). 
Both hyponatremia and hypernatremia may exacerbate 
brain injury. 


Metabolic Disturbances 


Insulin resistance and decreased insulin release contribute 
to hyperglycemia resulting in increased rate of infection, 
neuropathy, and renal failure. This situation calls for tight 
control of blood sugar levels.?! 


Renal Function 


Cold diuresis is a major concern in patients with hypo- 
thermia. It occurs due to decreased reabsorption of the 
solutes in the ascending loop of Henle, and relative increase 
in venous return activates the secretion of atrial natriuretic 
peptide and reduces antidiuretic hormone levels. The reasons 
for the increased renal excretion also include changes in 
blood volume, cardiac preload, impaired tubular function, 
and increased blood viscosity (2% per 1°F degree fall).* Left 
untreated, this leads to hypovolemia, electrolyte loss, and 
hemoconcentration, with ensuing complications. 


Gastrointestinal Problems 


Decreased gastrointestinal motility may require a prokinetic. 
While feeding rates are reduced to reflect lower metabolic 
demands, some protocols completely forbid feeding during 
IH. Serum amylase and liver enzymes are frequently raised 
and a metabolic acidosis also occurs as a result of increased 
lactate concentrations and increased production of free fatty 
acids, ketones, and glycerol. Rarely, these changes can be 
severe and pancreatitis can ensue. 


Drug Metabolism 


As most of enzymes activities are temperature dependent, 
IH nonspecifically lowers enzyme activity, leading to 
lower hepatic clearance and higher plasma levels of seme 
drugs. The activity of enzymes, such as cytochrome P450, 
is reduced by 7-20% per 1°C fall in core temperature, 
leading to longer half-lives of circulating drugs, especially 
sedatives or anesthetics. Clearance of most drugs (propofol, 
muscle relaxants, fentanyl, and barbiturates) is reduced by 
hypothermia. The effects of most medications used in CPR 
could be decreased or delayed. Lidocaine has no confirmed 
effects throughout hypothermia. Amiodarone is also not 
useful in controlling fibrillation in the hypothermic heart. 
Hypothermia also blunts response of vasoactive drugs such 
as adrenaline and noradrenaline. 


Sepsis 


Hypothermia inhibits the secretion of cytokines and suppresses 
the migration of leukocytes and phagocytes (Fig. 2). Induced 
hypothermia may mask clinical signs of infection, such as fever, 
and it may impair the immune response to infection. Though 
severa] studies suggest a trend toward increased infections in 
IH, clinical implications of this are not clear? 

Hypothermia After Cardiac Arrest researchers reported 
sepsis as the most important complication of MIH, though 
it was not statistically significant.!°54 A systemic review 
and meta-analysis? including 23 randomized controlled 
trials (RCTs) (n = 2,820) to investigate the risk of infection 
associated with IH, concluded that TH increases the risk 
of pneumonia and sepsis with no increase in overall risk of 
infection. Nosocomial pneumonia will occur in over half-of- 
patients who are hypothermic for more than 7 days. 

Clinical studies with therapeutic cooling in settings 
in which selective decontamination of the digestive tract 
was used have reported low infection rates, even when 
hypothermia was used for prolonged periods?9 Delayed 
wound healing will demand vigilant nursing care to prevent 
pressure sores. Regular surveillance of vascular device sites 
and other surgical wounds should be undertaken. Some 
protocols recommend daily blood surveillance cultures to 
screen for bacteremia. The threshold for antibiotic treatment 
is usually low. 
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Inflammation 


* Limit TH to 24 hours 
* Consider TH at 36°C instead 
of 33°C 


Wound healing 
* Cutaneous vasoconstriction 
* Surface cooling 

* Patients immobile 

* Skin surveillance difficult 


+ Frequent repositioning 
* Limit number of catheters 


* Cooling device 


* Cytokine release 
* Phagocytosis and chemotaxis 
* Leukocyte differentiation 

* Complement system activation 


Jinvasive lines, mechanical ventilation 
* Arterial and venous catheter 

* Urinary catheters 

* Mechanical ventilation 


* Nasogastric tubes 


+ [Threshold to obtain 
screening cultures thorough 
physical examinations 

* Freqauent respositioning 


{Diagnostic tools 

* Limited physical examination 

* Masked fevers 

«inconsistent white blood cell, 

* C-reactive protein, 
erythrocyte sedimentation rate 
and procalcitonin 

+ Difficult to obtain computed 
tomography scan and magnetic 

imaging 


* Examine catheter insertion sites 
* Early removal of catheters 


WBC, white blood cell; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; CT, computed tomography; MRI, magnetic resonance imaging; MV, 


mechanical ventilation; TH, therapeutic hypothermia. 


FIG. 2 Influence of induced hypothermia on immune function and factors affecting infection risk? 


Acid-base Measurements 

In hypothermia, solubility of gases in blood increases, 
making patients appear to having respiratory alkalosis when 
arterial blood gas sample is adjusted to compensate for the 
low temperature.?? 


id PATIENT SELECTION FOR 
4 INDUCED HYPOTHERMIA . 


After more than 2 decades of trials ad travails off IH dr bos 
cardiacarrest ROSC patients, the following criteria for including 
and excluding patients have been evolved (Box 1 and Table 3). 
It is evident that while inclusion is very simple, the exclusion 
criteria limit several patients to have IH, when and if they are 
resuscitated from CA. These form the important barriers to 
implementation of IH in post-cardiac arrest patients? 


Box 1: Patient selection forinduced hypothermia ` 

e Intubated patients with treatment initiated within a 6-h post- 
cardiac arrest (nonperfusing ventricular tachycardia or ventricular 
fibrillation) 

* Those able to maintain a systolic blood pressure >90 mmHg, with 
or without pressors, after cardiopulmonary resuscitation 

* Those in a coma at the time of cooling. Patients with brainstem 

reflexes, pathological posturing movements, and Glasgow Coma 

Score (GCS) of 3 are eligible for hypothermia 


| ` Obeying verbal command | 
i after ROSC i | 


| | Recent major surgery within 
; | M days 


| ssec infection and sepsis 


: Coma from other causes 


TABLE 3 Exclusion criteria for induced hypothermia 


; Reasons and implications 


Clinical conditions 


; Futility 


| inesse risk kof iniecton end 
| bleeding 


| H inhibits immune functionand ; 
| furtheri increase in risk of infection | 


1 


, | Drug intoxication etc. not proved l 
| in studies f 


aa ne — À—M———— ——— M ttle. H 


F : Known blesdind diathesis or T may impair the clotting system 
| with active ongoing bleeding | Patients may receive chemical — ! 
| thrombolysis, antiplatelet agents, 


jor anticoagulants 


REL ci s €— € 2 -— 


“Trauma with severe bleeding | 


m may accelerate hemorrhage 


— —— ———— ———X (C e ERN "| 
| Vli do not resuscitate order : “Terminal illnesses 
j ; Time from resuscitation until | Futility i 
: initiation of cooling 2360 min ; i 
SOEN — See 


, Pregnancy 


IH, induced woolen 


CHAPTER 6: Barriers and Controversies in Implementation of Induced Hypothermia 


INDUCED HYPOTHERMIA TREATMENT 
PROTOCOLS AND CONTROVERSIES 


Post-ROSC, the patient is actively cooled by using an IH 
protocol for 24 hours to a goal temperature of 32-34'C. 
Though the goal is to achieve target temperature as quickly as 
possible, it is usually achieved within 3-4 hours of initiating 
cooling. Rewarming is begun 24 hours after the time of 
initiation of cooling, but more evidence is needed to define 
the optimal duration of hypothermia. 


Timing of Cooling 


It is understood that variables of timing of the initiation 
of cooling; cooling technique; rate, depth, and length of 
cooling; and rewarming all have some effect on mortality and 
morbidity. However, at this time, these variables are not well- 
studied and are the focus of several ongoing trials. 

In a study evaluating the effect of time to target 

temperature (TTT) on neurological outcome, it was found 
that the outcome worsened for each 5 minutes delay in 
initiating TH at the time of discharge from intensive care 
unit, and for every 30 minutes delay at postdischarge follow- 
up.?? Wolff et al. demonstrated good neurological outcome, 
as denoted by lesser hypoxic brain injury, after cardiac 
arrest, through achieving early hypothermia-with the aid of 
endovascular cooling devices.*? 
“~~ ARCTofprehospitalintranasal cooling, Pre-Resuscitation 
Intra-Nasal Cooling Effectiveness (PRINCE) trial from 2010,*! 
found no significant differences in rates of ROSC, in overall 
survival, or in neurologically intact survival to discharge. 
Further, RCT by Kim et al. not only failed to prove any benefit 
in the form of survival or neurological outcome of successful 
prehospital cooling to 34°C, but also indicated towards 
increased harm in shape of rearrests and increased incidence 
of pulmonary edema, in both ventricular fibrillation and 
non-ventricular fibrillation arrests.!? 

Moritz Haugk et al.? in a retrospective observational 
study of 588 patients in an academic emergency depart- 
ment, calculated correlation of TTT with neurologic 
outcome in patients after cardiac arrest with ROSC, by 
treating with therapeutic mild hypothermia. Survival and 
neurological outcomes were determined within 6 months 
after cardiac arrest. The median time from restoration of 
spontaneous circulation to reaching a temperature of less 
than 34°C was 209 minutes [interquartile range (IQR): 
130-302] in patients with favorable neurological outcomes 
compared to 158 minutes (IQR: 101-230) (p «0.01) in 
patients with unfavorable neurological outcomes. They 
concluded that in comatose cardiac arrest patients treated 
with TH after ROSC, a faster decline in body temperature 
to the 34°C target appears to predict an unfavorable 
neurologic outcome. 


Rewarming from Induced Hypothermia 


Rapid rewarming may actually deprive the various protective 
benefits of IH, as evidenced by greater decrease of jugular 
venous oxygen saturation in comparison to lesser rapid 
rewarming.?^ More importantly, maintaining normo- 
thermia during rewarming is mandatory, as fever is 
independently linked to adverse outcomes in post-cardiac 
arrest anoxic injury.'^ Release of potassium sequestered 
in intracellular. compartment during hypothermia leads 
to rebound hyperkalemia during rewarming, which can 
be prevented by slow and controlled rewarming. Renal 
replacement therapy should be initiated in patients with 
anuria or severe oliguria before rewarming. 


Disagreements on Outcome 
of Induced Hypothermia 


Moderate therapeutic hypothermia has been recommended 
by many societies for patients in coma with ROSC after 
resuscitation from out-of-hospital cardiac arrest due to 
"shockable rhythms’: Some of them have also extended this 
recommendation to similar situation after ROSC from other 
cardiac rhythms and after in-hospital cardiac arrest, which 
probably is responsible for the widespread use of TH. This 
is beyond the indications employed in the initial two RCTs. 
These recommendations were largely due to the results of 
some often quoted studies mentioned earlier in this chapter. 
Various authors reanalyzed these studies and have suggested 
thatthoughtful consideration should be done before using IH 
universally. 

The randomized evidence base that led to the 2003 
ILCOR recommendation was based on a total of only 352 
patients, just half of whom were randomized to TH. More 
than 95% had witnessed cardiac arrest, and the enrolment 
criteria stipulated either ventricular fibrillation or pulseless 
ventricular tachycardia as the presenting rhythm.' 

Zhang et al. meta-analyzed six RCTs and one abstract, and 
found that IH did not significantly decrease the mortality at 
hospital discharge [risk ratio (RR) = 0.92; 95% CI, 0.82-1.04; 
p - 0.17 at 6 months or 180 days (RR = 0.94; 9596 CI, 0.73-1.21; 
p = 0.64)] in overall post-cardiac arrest, but it did reduce the 
mortality of patients with shockable rhythms at hospital 
discharge (RR = 0.74; 95% CI, 0.59-0.92; p = 0.008) and at 6 
months or 180 days. Improvement in neurological outcome at 
hospital discharge (RR = 0.80; 95% CI, 0.64-0.98; p = 0.04) was 
seen in those with shockable rhythm but not at 6 months or 180 
days. Complication rate was found to be more in patients who 
received IH compared to control group. Overall trial sequential 
analysis indicated lack of firm evidence for a beneficial effect. 

Hessel 2"¢ et al. believe that these recommendations 
need to be reassessed and evidence of the existing data 
is not strong enough. The AHA 2010 recommendation for 
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IH? is based on one RCT (level B evidence), one pseudo- 
randomized trial? and two more studies with historical 
controls. 

Walters et al55 systematically reviewed the studies on 
benefits of IH in post-cardiac arrest (40 uncontrolled obser- 
vational studies, 24 nonrandomized trials, and 5 RCTs) and 
found that they have significant limitations such as metho- 
dologic problems, risk of bias, and unblinded care teams. 

Hypothermia After Cardiac Arrest Group study,'° which 
is by far the largest randomized study (273 patients) which 
showed mortality and neurological outcome benefits with 
IH, also has some limitations as pointed out by Neilsen et al.*4 
and Testori et al.” For example, whereas the intervention 
group in this study was maintained strictly hypothermic 
up to 24 hours, the control group was allowed to drift into 
hyperthermia from 12" hour onwards, thereby turning the 
comparison into hypothermia versus hyperthermia and not 
versus normothermia." 

The often cited RCT (77 patients) of Bernard et al? 
from Australia, noted a better neurologic outcome (49 vs. 
26%, RR 1.85, NNT 4; p value 0.046) and a lower mortality 
at discharge (51 vs. 68%, RR 0.76, NNT 6; p value 0.145) in 
unresponsive patients receiving TH after return of ROSC 
after shockable OOHCA. The better neurologic outcome 
(incidence of good outcome) was barely statistically 
significant (p = 0.046) and their observed lower mortality at 
discharge was not statistically significant at all (p = 0.145). 

When Nielsen et al5* conducted a meta-analysis of 
the two RCTs of HACA trial? and the Laurent trial? they 
observed a reduced mortality [RR 0.92 (95% CI 0.56-1.51)] 
and improved neurologic outcome [RR 1.24 (95% CI 0.76- 
2.0)], which were not statistically significant. 

Induced hypothermia after pulseless electrical activity 
(PEA), asystolic, or in-hospital arrest has not been fully 
studied. One large cohort study of cardiac arrest patients 
found that IH was not associated with good outcome in 
nonshockable patients." 


Data from a study of prehospital hypothermia in 125 
patients found that in those who had non-ventricular 
fibrillation arrest, i.e, PEA (n = 34), asystole (n = 39), or 
unknown rhythm (n - 1), survival to hospital discharge 
was worse in the cooled group (6%) than in the noncooled 
group (209:). This study was not intended or powered to 
detect differences in clinical outcome at discharge, but it 
raises concern regarding the use of hypothermia in patients 
with PEA or asystole and ROSC with hypothermia in the 
prehospital setting. 

The evidence for use of TH after in-hospital cardiac arrest 
is even less compelling. In the largest and most recent report 
by Nichol et al. who employed propensity score adjustment 
for their outcome comparisons, IH was associated with 
statistically insignificant improvement in survival (OR 1.43; 
95% CI 0.68-3.01) (Table 4). 

It is clear that the data that has been produced regarding 
the benefit of IH in post-cardiac arrest situation has been 
interpreted differently by different groups. Walters et al.” 
in their systematic review concluded, “The extrapolation of 
the data from OOHCA associated with shockable rhythms to 
other cardiac arrests (e.g., other initial rhythms, in-hospital 
arrests, and cardiac arrests in children) seems reasonable but 
is supported by only lower level data. There is need for RCTs 
in these other groups’. 

On the other hand, some more issues related to IH have 
remained unresolved, such as: 

e Definite mechanism of action of IH 

e What is more effective? Induced hypothermia or pre- 
vention of hyperthermia? 

e Clear beneficiary and nonbeneficiary patient groups 
from IH 

« Do nonshockable arrest patients really not benefit from 

IH? 

e Induced hypothermia induction—early or late? Which is 
better? 
e Whatisthe optimum target temperature? 


TABLE 4 Nonrandomized comparison of therapeutic hypothermia for in-hospital cardiac arrest 


Author ^ — Year “Raference Study type 


: Therapeutic 
; hypothermia | 


Í Multicenter observational | 
j 
I 


Patients (n) Good neuro-outcomes.. 


(96) 
. Control . Therapeutic Control Therapeutic 
< | hypothermia - . hypothermia”. 


Hospital survival (96) l 


Control 


l European registry 


| ; Retrospective obser- 
| vational University c of Pitt 


, Beth Israel 


e —L——— Md ——ÀÀ À——"——À — —— 

| 2013 | 53 ! Multicenter prospective _ 
i ; i observational United 

| States 


| Retrospective historic | 


| Nichol 


ape TERR d ——— 
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ə Can we prognosticate the effect of IH in an individual 
patient? 
e Does the technique used to achieve hypothermia matter? 
Potential harms include infection, pneumonia, sepsis, 
hemodynamic instability, arrhythmias, hyperglycemia, 
coagulopathy, bleeding, electrolyte abnormalities, polyuria, 
seizures, and altered drug metabolism. Induced hypothermia 
is expensive, resource and labor intensive, diverts hospital 
resources, and it might give a false sense of hope to the family. 
There are some unresolved issues, which include time 
window of therapeutic effectiveness, optimal method of 
inducing and maintaining IH, optimal temperature and 
duration period of hypothermia, rewarming process, 
temperature measurement details, proper sedation, analgesia 
and muscle relaxation, need for electroencephalographic 
monitoring, seizuredetectionand management, management 
of shivering, optimal hemodynamic goals, neurologic 
assessment and how to assess neurologic prognosis, and 
criteria for and when to withdraw life support. ® 
Nielsen et al." reported four key factors that need to be 
further researched and clear guidance evolved. They are— 
speed of induction of hypothermia, duration of cooling, 
rapidity of rewarming, and management to prevent side 
effects of hypothermia. 


[ES 


8i CONCLUSION 


-Induced hypothermia continues to be an important 
component of modern postresuscitation care. In order to 
maximize the beneficial effect of IH, it should be customized 
to the resuscitation covariates and adapted to the patient's 
needs. In particular patients, who suffered a witnessed 
cardiac arrest, with preferably ventricular fibrillation as 
primary rhythm, a long-time period of circulatory standstill 
before initiation of resuscitation and an overall resuscitation 
time not exceeding 29 minutes might benefit from cooling 
to a target temperature of 32-34°C for 24 hours. To answer 
the question, if cooling during CPR or in the prehospital 
setting is indicated, additional adequately powered and well- 
performed studies would be necessary in the future. 

The evidence refuting the benefits of IH is as weak 
as that which supports its use. However, based on the 
recommendations, practice of IH has become an established 
practice universally. The least that can be stated is that 
IH should not be used indiscriminately, in all postarrest 
Situations. Consider implementing in-hospital cardiac arrest 
(32-34°C or <37°C) in patients with in-hospital cardiac arrest 
who are unconscious after ROSC and with favorable outcome 
with reversible causes of cardiac arrest. 
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Quick Sequential Organ Failure Assessment: 
New Trigger for Rapid Response Teams 


Vijaya P Patil, Nayana 5 Amin 


& INTRODUCTION 


With the evolution of critical care services across the world, 
clinicians started realizing need for development of accurate 
and reliable methods for assessing illness severity and 
prognosis to allow for proper allocation of limited healthcare 
resources and rationale for early interventions. 


8 NEED FOR QUICK SEQUENTIAL 

{ORGAN FAILURE ASSESSMENT. —- 
There are several outcome prediction models that are 
currently available for use in clinical practice. Among 
them are Acute Physiology and Chronic Health Evaluation 
(APACHE), Simplified Acute Physiology Score (SAPS), the 
Logistic Organ Dysfunction Score (LODS), and the Mortality 
Probability Model (MPM). These scores were derived and 
validated in large groups of critically ill patients admitted 
in intensive care unit (ICU) and mostly use extensive data 
both physiological and laboratory after ICU admission for 
calculation. 

Situation outside ICU area especially in emergency 
department (ED) is different. It may not be possible to get 
all the data required for calculation of these scoring systems. 
The adaptation of ICU-based scoring systems to application 
in the ED has been studied by some investigators in past.*? 
These studies have found the predictive abilities of these 
scoring systems to be modest at best, and given that these 
scores are often complex and require special software to 
calculate, the utility of applying them in real time in the ED 
is limited. 

Septic patients form a major part of ICU patient cohort 
and carry increased risk of mortality. Many of these patients 
present to ED initially and may spend significant amount of 
time there before being diagnosed and triaged to ICU. If not 
recognized and treated promptly, these patients carry high 
mortality. Hence, early recognition of sepsis is very important. 
Sepsis is a syndrome of physiological and biochemical 


abnormalities, and our understanding of underlying patho- : 
biology is still evolving. Since there is no gold standard 
diagnostic test for sepsis, sepsis definition has always used 
expert opinions to generate definition and criteria for 
diagnosis. The 1991 and 2001 definitions of sepsis were very 
confusing and nonspecific, which lead to many discrepancies `° 
in the reported incidences and observed mortality. With 
better understanding of the pathophysiology of sepsis, it has 
now been redefined as "life-threatening organ dysfunction 
due to a dysregulated host response to infection’? 

— The sepsis definition was changed to facilitate early 
identification and accurate quantification of the burden 
of sepsis by healthcare providers and also helps early 
management and triaging of these patients. In most ICUS, 
Sequential Organ Failure Assessment (SOFA) scores or LODS 
have been used to identify organ dysfunction in patients 
with infection. SOFA scores are used to quantify the organ 
dysfunction using the laboratory and clinical variables in ICU 
[partial arterial pressure of oxygen (PaO, )/fraction of inspired 
oxygen (FiO,) ratio, platelet count, bilirubin creatinine, blood 
pressure or use of vasopressor and Glasgow coma scale| 
(Table 1). 

An acute change in the total SOFA score of 22 points 
points consequent to the infection is indicative of organ 
dysfunction and is associated with an inhospital mortality of 
21096. Septic shock is a subset of sepsis in which profound 
circulatory, cellular and metabolic abnormalities are 
associated with an inhospital mortality of >40%. However, it 
may be time consuming to evaluate all the six components of 
SOFA. It also requires laboratory measurements, which is not 
readily available especially in out of hospital settings. 

Quick sequential organ failure assessment (qSOFA) is a 
quick bedside test to identify and risk stratify patients with 
sepsis in out-of-hospital, ED, and in general ward settings. 
It mainly focuses on blood pressure, mental status, and 
respiratory rate to identify patients with sepsis. 

e Blood pressure «100 mmHg systolic (+1 point) 
e Altered mental status (+1 point) 
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TABLE 1 


Sequential Organ Failure Assessment score 


Respiratory 

Pa0,/FiO, mmHg : 2400 ; «400 : «300 k i «200 with respiratory | | <100 with respiratory 
: ` Support ; Support 
- Cardiovascular | an ANN i 

; MAP 270 mmHg : MAP «70 mmHg : Dopamine <5 or ; Dopamine 5.1-15 or o Dopamine >150r 
i : dobutamine any dose ; epinephrine «0.1 or _ epinephrine 20.1 or 
l ; norepinephrine «0.1 norepinephrine >0.1 

Central nervous system ct es " 
Glasgow Coma Scale a4» [13-14 i “10-12 i i re n E i <6 B E 
EA R T ipii IRR ecce dM e po. 
‘Platelets x 10? nL | >150 <50 IET PN To | 
Td AGE EE. tad Abd pe ale MEUS 

Blrbinmgd. — «2 1239 2059 (60-49 no  — 
| ST. VL GEN DES ER OLD sr sie MOM eer SOROS une e ly 
“Creatinine mg/dL | 2 m 7 12-19 7 20 -34 Misi 

| Urine output mg/day | Pu ME o MEME "ior ad 


MAP, mean arterial pressure; FiO, fraction of inspired. oxygen; PaO, partial arterial pressure of oxygen 


* Respiratory rate > 22/min (+1 point). 
Patients with suspected infection are likely to have sepsis, 
if they have at least two ofthe above criteria. 


i VALIDATION OF QUICK SEQUENTIAL 
ORGAN FAILURE ASSESSMENT"? —— 


Seymour and his colleagues did a retrospective analysis of a 
large database of hospitalized patients in the United States 
to assess the predictive validity of the systemic inflammatory 
response syndrome (SIRS) criteria, SOFA, SOFA score, and 
LODS score.’ They found that SOFA scores [area under the 
receiver operating characteristic curve (AUROC) 0.74] were 
better in predicting hospital mortality in ICU patients with 
suspected infection than SIRS criteria (AUROC 0.64) and 
was not very different from the more complex LODS score 
(AUROC 0.75). However, in patients with suspected infection 
outside the ICU, qSOFA had a statistically greater predictive 
validity (AUROC 0.81) as against SOFA (AUROC 0.79) 
and LODS (AUROC 0.76). Quick sequential organ failure 
assessment retained its predictive value for community and 
hospital infections under varied measurement conditions 
in academic and community hospitals in the United States 
and Germany. It was, however, statistically inferior compared 
with SOFA for patients in the ICU (AUROC 0.74 for SOFA 
and 0.75 for LODS as against 0.66 for qSOFA). It also had a 
Statistically lower content validity as a measure of muitiorgan 
dysfunction. 


li APPLICATION OF QUICK SEQUENTIAL 
c ORGAN FAILURE ASSESSMENT _ 


Quick sequential organ failure assessment can be useful 
as a rapid diagnostic tool especially in limited resource 
setting. However, qSOFA has not yet been externally 
validated in different healthcare settings. Hence, the current 
recommendations are to consider the possibility of sepsis, 
if the change in qSOFA is 22 in relation to infection. Since, 
it does not require any laboratory tests it can be performed 
quickly and repeatedly at the bedside. If the qSOFA criteria 
suggest that the patient is likely to have sepsis then it should 
prompt clinicians to further investigate the patient and 
initiate appropriate therapy or consider referral to critical 


care (Flowchart 1). 
i LIMITATIONS OF QUICK SEQUENTIAL 
i j ORGAN FAILURE ASSESSMENT _ E 


Firstly, (SOFA was derived and tested among patients in 
whom infection was already suspected. One has to remember 
that the qSOFA is not an alert that alone will differentiate 
patients with infection from those without infection. 
Secondly, qSOFA is a mortality predictor and not a test 
to diagnose sepsis. Clinicians should be aware that positive 
qSOFA will be present with any type of shock, for example 
cardiogenic shock or obstructive shock. Hence, positive 
qSOFA should alert clinician to investigate patient further. 
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Patient with suspected infection 
qSOFA 22 
(Box 1) 

Yes 
Assess for evidence 
of organ dysfunction 


qSOFA 22 
(Box 2) 


Despite adequate fluid resusciitation, 
fluid required to maintain MAP >65 mmHg 
and serum lactate >2 mmol/L 


SOFA, sequential organ failure assessment; qSOFA, quick sequential organ failure assessment, MAP, mean arterial pressure; PaO,, 
partial arterial pressure of oxygen; FiO;, fraction of inspired oxygen. 


Sepsis still suspected 


Monitor clinical condition; 
reevaluate for possible sepsis 
if clinically indicated 


Monitor clinical condition; 
reevaluate for possible sepsis 
if clinically indicated 


Box 1: 
* QSOFA variables 

* Respiratory rate >22 

* Mental status 

* Blood pressure «100 mmHg 


Box 2: | 
* SOFA variables 
* PaO,/FiO, ratio 
* Glasgow Coma Scale 
* Mean arterial pressure 
* Administration of vasopressor 
* Platelet count 
* Bilirubin 


P 


FLOWCHART 1: Algorithm for identifying patients with sepsis and septic shock? 


Thirdly, mental status is assessed variably in different 
settings, which may affect the performance of the qSOFA. 

Fourthly one of the major causes of septic shock is 
pneumonia. CURB 65, recommended by British Thoracic 
Society is well validated simple scoring system used to prog- 
nosticate patients with community acquired pneumonia.® 
CURB 65 includes confusion, urea above 7 mmol/L 
(>19 mg%), respiratory rate >30/min, systolic BP <90 mmHg 
or MAP <60 mmHg and age 265 years. Even in absence 
of blood urea CRB 65 can be used with equal efficacy. 
Superiority of qSOFA over well established CURB 65 in this 
patient subgroup needs to be established. 

Also, clinicians have to be aware of the fact that abnormal 
qSOFA may be due to spurious abnormality, e.g., someone 
with low-baseline blood pressure or tachypnea due to 
anxiety. Patients may have abnormal qSOFA due to disease 
processes other than sepsis, e.g., patients presenting with 
chronic obstructive pulmonary disease exacerbation may be 
tachypnea or patients coming with stroke will have deranged 
mentation. 


& CONCLUSION _ 


Quick sequential organ failure assessment is a simple 
bedside test, which can be used to identify and risk stratify 


sepsis in patients outside the ICU. It is especially useful in 
resource-poor setting where laboratory investigations may 
not be readily available. However, one has to keep in mind it 
is not a test to diagnose presence of infection.® 
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CHAPTER 


Ventricular Preload Optimization Therapies: 
Science or a Dark Art? 


Mahesh Nirmalan, James Hanison 


ji INTRODUCTION 


Optimizing ventricular preload is an essential component 
in the care of critically unwell patients. In a range of clinical 
situations, including sepsis, trauma, perioperative patients, 
failure to undertake preload optimization, usually with the 
use of large volumes of intravenous fluids, is widely seen 
as suboptimal care. Several hemodynamic monitors have 
been developed and popularized for this purpose using 
pressure (central venous pressure or pulmonary artery 
wedge pressure), flow (aortic flow or cardiac output), volume 
(giobal end diastolic volume, intrathoracic biood volume), 
or direct imaging (ultrasound central venous collapsibility 
index) based parameters to optimize ventricular preload. 
More recently, sophisticated dynamic measurements such 
as stroke volume (SV) variation, pulse pressure variation, or 
systolic pressure variation either in response to a fixed volume 
of fluid challenge or maneuvers that recruit sequestered 
blood within various body compartments (straight leg raising 
test, Valsalva maneuver, etc.) have also been used to guide 
ventricular preload optimization. The basic physiological 
principle that underpins these clinical interventions is the 
Frank-Starling curve (Fig. 1). 


Volume Volume 
responsive zone nonresponsive zone 
+ rie 


Stroke volume 


End diastolic volume 
FIG. 1: Frank-Starling curve 


The Frank-Starling curve, originally described by Otto- 
Frank in 1895! and redescribed by Earnest Starling in 
1914,” describes the relationship between the length of the 
sarcomere and the force generated by the cardiac myocytes 
during contraction. The clinical extrapolation of this original 
(experimental) description by Frank and Starling is the 
important relationship between end-diastolic volume 
and SV of the heart (Fig. 1), which is very frequently used 
to rationalize our current approach to fluid therapy and 
ventricular preload optimization. Using this approach, if the 
SV shows a substantial improvement (usually >10% increase) 
in response to the administration of repeated aliquots of fluid, 
it is assumed that the patient is within the volume-responsive 
region of the Frank-Starling curve (Fig. 1). In such patients, it 
is argued that further aliquots of fluid should be infused, so 
that the patient’s end-diastolic volume is shifted rightwards 
toward the volume-nonresponsive portion of the curve. 
In other words, it is assumed that for optimal ventricular 
function, it is necessary to fill the ventricles to a point, where 
it is not volume responsive any further. 

Experimental trials conducted in a range of clinical 
conditions seem to suggest that an aggressive, goal- 
oriented approach to fluid resuscitation—at least in the 
early stages of an evolving illness, such as severe sepsis, 
may improve survival and overall clinical outcome? Based 
on this rationale, several professional societies developed 
and popularized resuscitation algorithms that were quasi 
validated and subsequently adopted very widely across the 
world of intensive care medicine.‘ “Fluids, more fluids, and 
even more fluids...” became the holy grail of resuscitation in 
order to optimize ventricular functions and, thereby improve 
oxygen delivery and tissue oxygenation. However, despite 
the initial enthusiasm generated by this approach, it soon 
became apparent that the findings reported in these early 
studies were not straightforward and not reproducible casting 
doubts on the underlying premise." Goal-directed therapy 
has also been developed for the cardiovascular management 
of patients in the perioperative setting.” This approach has 
also failed to consisteritly show benefits in the hands of other 


A eee me 


AA M m fo on a A a M o ed 


"mi 


CHAPTER 8: Ventricular Preload Optimization Therapies: Science or a Dark Art? 


investigators, who attempted to reproduce the findings)? It 
has even been argued that aggressive, goal-directed fluid 
resuscitation may benefit patients, if introduced before 
the onset of the injury/insult,!° but even in this context the 
results were not reproducible raising fundamental doubts on 
the entire approach." 

The counter point of view against this widely accepted 
dogma is that normal healthy human beings do not operate 
in the “fluid unresponsive zone” of the Frank-Starling curve. 
Perfectly healthy human beings living their ordinary lives and 
coping with a range of physiological and exercise-induced 
stress Situations are all volume responsive. Kumar et al. in 
a landmark study administered a relatively large volume 
of isotonic saline to a group of 32 healthy volunteers. Their 
results show that the overwhelming majority of volunteers in 
their study showed an increase in SV in excess of 10% showing 
that they (healthy volunteers) were all operating within 
the volume-responsive zone of the Frank-Starling curve.!* 
Similarly, the beat-to-beat variations in SV seen in healthy 
human beings during an ordinary spontaneous respiratory 
cycles or while performing the Valsalva maneuver (associated 

. with the subtle changes in venous return and, therefore, the 
end-diastolic volumes) confirms that normal healthy human 
subjects in fact operate within the volume-responsive zone 
of the Frank-Starling curves." It is difficult to reconcile these 
observations in healthy volunteers with the current wisdom 
that recommend critically ill patients, including those with a 
potential for ischemic or sepsis-induced cárdiac dysfünction, 
be managed within the “volume nonresponsive zone” of the 
curve and how such an “unphysiological” approach could 
confer survival benefits. Normal physiological parameters 
that are subject to positive and negative control mechanisms 
show substantial variation around a physiological “norm” 
and the absence -or loss of these instantaneous and/or 
cyclical variations usually signify the loss of physiological 
adaptability and, hence, should be a marker of a maladaptive 
state or disease.!^!5 In considering the merits of some of the 
landmark studies that have influenced the authors’ current 
practice,” the possibility that the survival benefits 
demonstrated may have arisen as a result of inadvertent 
systematic bias or “placebo effect” built into the study 
designs (rather than being a true effect of the goal-directed 
treatment itself) needs further careful consideration. This 
may explain why the results from these positive studies— 
usually performed by the proponents of a given world view— 
have not always been reproducible by other, perhaps more 
cynical/skeptical, groups. Goal-directed treatment regimens 
will necessarily include greater attention by the attending 
Clinical teams toward the treatment groups (in order to ensure 
the specific goals are being attained and maintained) and it 
is nearly impossible to determine what other advantages this 
greater attention by physicians concerned could confer on the 
treatment group within a complex environment such as the 
intensive care unit or the emergency department. In biological 
as well as physical systems, the process of “observation will 


necessarily alter the phenomenon that is observed’, and it is 
important to bear this basic fact related to complex biological 
systems in mind when interpreting clinical trials that form 
the basis of popular algorithms and the recommended best 
practice. In this context, when clinical practice seems to 
be guided more by clinical trials rather than by any deeper 
understanding of the physiological systems that are at fault, 
it is necessary to revisit some of the abovementioned first 
principles, if further progress is to be achieved in the care of 
critically unwell patients. 

Given this theoretical background, it seems prudent 
to ask how should fluid therapy be titrated or guided in 
critically unwell patients. There is no clear answer to this 
question and this is reflected in the continuing highly 
variable practice regarding fluid challenges in the critically 
ill.!* While acknowledging the fact that the true answer 
to this question still remains elusive, it seems reasonable 
to suggest that the first question to consider would be 
whether or not there is a physiological need for further 
fluid administration or circulatory volume expansion. In 
other words, the clinician at the bedside has to make an 
individualized clinical decision—based on history, clinical 
examination, and basic biochemical studies, if the current 
hemodymanic status is damaging to the overall well-being of 
that patient. This would require a comprehensive assessment 
of the patient concerned including the heart rate, capillary fill 
time, core temperature, mean arterial pressure, shape of the 
arterial pressure waveforms, current fluid balance, arterial 
lactate concentration, and urine output. It is only after 
such a comprehensive assessment of the overall clinical/ 
hemodynamic status that a decision can be made, if the 
patient is currently in a truly compromised situation and, if 
further volume expansion could be of benefit in correcting 
this compromised status. No single number-based on any 
measured or calculated/derived hemodynamic variable can 
be reliable in answering the first question in this process, 
i.e., does this patient require more fluid? In this context, the 
current debates related to the relative merits of pressure, 
volume, and flow-based measurements are potentially 
misleading and at times a distraction. 
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ARTERIAL PRESSURE 
: WAVEFORMS AND PATTERN RECOGNITION 


In making a comprehensive assessment of a patient's 
overall hemodynamic status as referred above, the arterial 
pressure waveforms transduced via a correctly positioned 
arterial cannula proves to be an extremely valuable adjunct. 
In addition to providing a beat-to-beat measurement of 
systolic, diastolic, and mean arterial pressures, particularly 
in situations where the above may change quite rapidly, 
the morphology of the waveforms can be used to glean 
several valuable clues on the overall status of the peripherai 
circulation. In this context, several characteristic patterns are 
commonly seen in critically unwell patients. 
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440 DKA and pneumonia 


| 
i 
$ 


Time 
DKA, diabetes ketoacidosis; BP, blood pressure, 


FIG. 2: Arterial pressure waveform in a patient with diabetes 
ketoacidosis and sepsis due to pneumonia 


Figure 2 shows a real-time arterial pressure waveforms 
recorded in a septic patient. In a typical arterial waveform, 
the dicrotic wave—which is usually associated with the aortic 
recoil that occurs immediately following the closure of the 
aortic valve—is usually positioned two-thirds of the way down 
the descending limb of the pulse wave (solid arrow). In the 
presence of gross vasodilatation, as blood flows very rapidly 
into the peripheral circulation, the conditions necessary for 
the closure of the aortic valve (aortic root pressure more than 
ventricular luminal pressure) occurs later in the cardiac cycle 
compared to the normal subjects. This would be reflected by 
a delay in the onset of the dicrotic wave well beyond its usual 
position (interrupted arrow). In this particular patient, the 
delay is so profound that the dicrotic wave appears almost 
as a separate waveform arising from the baseline rather than 
the usual pattern, where it is seen as a wave arising from the 
downward limb of the main wave. This pattern is very typical of 
vasodilatation and is commonly seen in patients with sepsis, 
arteriovenous fistulae, general anesthesia or even in the 
presence of effective regional (epidural or spinal) blocks. In 
addition to the delayed dicrotic waves, such patients typically 
show a low-systolic pressure, a low-diastolic pressure and a 
wide pulse pressure as shown in figure 2. 

How should one set out to achieve preload optimization 
in such a patient in whom there is profound vasodilatation? 
As mentioned in the previous section, there needs to be 
a Clinical assessment to determine whether or not the 
current hemodynamic status needs to be corrected at all. 
This question can only be answered by a global assessment 
of the patient using history, clinical signs, hemodynamic 
status, and the biochemical picture, as described before 
rather than by any single number as suggested in many 
optimization algorithms. In such patients, with profound 
vaso- or venodilatation, a fluid challenge or a straight leg- 
raising test!” is most likely to show a significant increase in 
SV or one of its surrogate measurements. This increase in 
SV or one of its surrogates alone cannot be used to arrive 
at the conclusion that there is a need for further fluid 
administration. It is quite possible that hemodynamic 
optimization in such a patient with profound vasodilatation 
(if clinically indicated) may be better achieved through the 
initial administration of a vasopressor aimed at achieving 
some level of vasoconstriction, before further volume 


expansion. Effective circulating -blood volume is always 
an interplay between absolute blood volume and venous/ 
arterial capacitance (or venous/arterial vessel tone) and 
the physiological interplay between the two variables has to 
be understood by the attending clinicians. In this context, 
the common algorithm driven approaches for patient 
management. 


j CONCLUSION 


Over the past few decades, the practice of intensive care 
medicine has evolved into a discipline dominated by clinical 
trials, which then form the basis of treatment algorithms 
frequently with little consideration to the fact that whatis true 
for a group of individuals (or a population) may not always 
hold true for any given individual within that population. In 
this journey, one may have come up with many dogmas and 
practices that do not always hold up to closer physiological 
or biological scrutiny. Ventricular preload optimization 
aimed at better ventricular performance, tissue perfusion 
and reduced myocardial oxygen consumption epitomizes 
many of these dogmas. Effective circulating blood volume 
is always an interplay between absolute blood volume and 
venous/arterial capacitance (or venous/arterial vessel tone) 
and the physiological interplay between the two has to be 
understood from first principles by clinicians who wish to 
manipulate these endpoints at the bedside. In doing so, 
despite all the recent advances in hemodynamic monitoring 
and treatment algorithms, one has to frequently fall back to 
the basics of clinical medicine in order to avoid the pitfalls 
that arise through focusing on isolated variables, numbers 
and dogmatic algorithms, inappropriately referred to as 
best practice. 
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How to Assess and 
Improve Microcirculation? 


JV Peter 


INTRODUCTION 


Circulatory shock is characterized by marked changes in 
hemodynamic parameters associated with evidence of organ 
dysfunction! The traditional approach in shock was on 
macrocirculatory parameters that included cardiac output 
(measure of cardiac function), systemic vascular resistance 
(measure of vascular tone), and central venous pressure 
(measure of preload). It was observed that in some patients, 
despite "optimization" of these macrocirculatory (upstream) 
parameters, there was evidence of tissue hypoperfusion and 
progression of organ dysfunction." This led to the revision of 
the definition of shock by the European Society of Intensive 
Care Medicine as ^a life-threatening, generalized form of 
acute circulatory failure associated with inadequate oxygen 
utilization by the cells”? This definition is more appropriate 
since the key factor appears to be alteration in cellular oxygen 
utilization at the microcirculatory level.? Inadequate cellular 
oxygen utilization may occur in the setting of normal or 
increased cardiac output (e.g. septic shock) due to altered 
oxygen extraction (as a result of mitochondrial dysfunction) 
or reduced oxygen transport due to microvascular shunting 
resulting in inadequate oxygen delivery to the tissues and 
in situations of low cardiac output (e.g. cardiogenic and 
obstructive shock)? Inadequate cellular oxygen utilization 
leads to cellular dysoxia with resultant increase in blood 
lactate levels, which further contributes to microcirculatory 
dysfunction. 


& MICROCIRCULATORY FAILURE 


Anatomically, the microcirculation is comprised of blood 
vessels «100 jum as weil as the blood components, endo- 
thelium, and the glycocalyx. Functionally, the micro- 
circulation is that part of the circulation where oxygen, 
nutrients, hormones, and waste products are exchanged 
between circulating blood and parenchymal cells,’ Recently, 
regulation and distribution of flow within the different 


organsis also considered a function ofthe microcirculation. 
The microcirculation is controlled by local, mechanical, and 
endocrine factors. 

Microcirculatory failure may occur directly as a result 
of a process that initiates microcirculatory abnormalities 
(e.g., sepsis and pancreatitis) or indirectly as a consequence 
of macrocirculatory failure (e.g., cardiogenic shock and 
obstructive shock). Although microcirculatory changes 
in circulatory shock are global, regional vascular beds 
may respond differently by either shunting of blood or 
vasodilatation. For example, regions such as the skin, 
muscle and splanchnic circulation may typically respond to 
the early phases of hypovolemic shock by vasoconstriction 
in order to increase mean-systemic filling pressure and 
maintain blood flow to more essential organs.? It is also 
evident now, that in septic patients, there is a decrease 
in capillary density in the vascular bed associated with 
an increase in the heterogeneity of perfusion due to the 
presence of intermittently or nonperfused capillaries in 
close proximity to well-perfused capillaries."9? Moreover, 
this process appears to be dynamic, wherein capillaries in 
which there is no flow at a given time may be perfused a 
few minutes later.! Such heterogeneity of perfusion poses 
several challenges in the measurement of the "adequacy" 
of the microcirculation, unlike the measurement of 
macrocirculatory parameters, such as cardiac output and 
vascular resistance, which can not only be easily measured 
but also manipulated readily. 

At a cellular level, many factors contribute to micro- 
circulatory abnormalities (Flowchart 1) They include 
endothelial dysfunction, leukocyte activation, alterations 
in the hemorheological properties of red cells, coagulation 
abnormalities, vascular smooth muscle changes, and 
mitochondrial dysfunction that result in cellular edema, 
microvascular obstruction with shunting, leaky capillaries, 
and interstitial edema, that contribute to patchy hetero- 
geneous areas of hypoxia and microcirculatory changes, 
characteristic of human sepsis.*?!” 
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Endothelial dysfunction 


Macrocirculatory change 


Leaky capillaries Cellular edema 


Vascular and smooth muscle changes 


Leukocyte abnormalities 


Mitochondrial dysfunction 


Contributors 


Microcirculatory abnormality 


EE 


RBC changes 
Coagulation abnormalities 
Opening of AV shunts 


Microvascular obstruction 


Interstitial edema Cellular dysfunction | Shunting redistribution of flow 


RBC, red blood cell; AV, arteriovenous 


FLOWCHART 1: Macrocirculatory changes may result in microcirculatory abnormalities in situations such as cardiogenic shock, where 
the primary problem is in the macrocirculation. However, in situations such as septic shock, primary microcirculatory changes lead on to 
macrocirculatory abnormalities. These microcirculatory abnormalities are contributed by endothelial and mitochondrial dysfunction, red cell 
and white cell abnormalities, changes in the vascular and smooth muscle function, coagulation abnormalities, and opening up of arteriovenous 
shunts. The effects of these are leaky capillaries with interstitial edema; cellular-edema, which results in cell dysfunction and microvascular 


obstruction, which results in shunting and redistribution of flow 


Under normal circumstances, heterogeneity of micro- 
circulatory perfusion is minimal. In hypoxia or low-flow 
conditions, matching of perfusion to metabolism is done 
~" to some extent.!! However, in sepsis, heterogeneity cannot 
be improved in response to changes in oxygen demand 
or to decreases in oxygen delivery. The heterogeneity of 
microvascular perfusion increases the oxygen diffusion 
distance and results in an extraction defect with increase in 
mixed venous oxygen saturation (SvO,).! 

In clinical studies, impairment of microcirculation has 
been shown to be associated with mortality and organ 
dysfunction in patients with sepsis." In one study of 49 
patients with septic shock, microcirculatory alterations 
were found to improve rapidly in septic shock survivors, but 
not in patients dying with multiorgan failure, regardless of 
whether shock had resolved or not.? In another study of 
50 patients with septic shock, when compared with healthy 
volunteers, the density of all vessels and the proportion 
of perfused small vessels were significantly reduced in 
patients with sepsis.!? Microvascular blood flow alterations 
were more severe in patients with a worse outcome. In a 
more recent study of 25 patients with septic shock, similar 
findings in the microcirculation, as above, were observed in 
septic patients.!^ 


E ASSESSMENT OF THE MICROCIRCULATION. 


Prior to modulating or manipulating the microcirculation 
with various therapies, it is essential first to be able to develop 
Objective and replicable tools to measure the adequacy or 
appropriateness of the microcirculation so that response to 


therapy can be monitored and subsequently these responses 
can be correlated with clinically meaningful outcomes. The 


microcirculation can be assessed indirectly through surrogate _ 


downstream markers (such as lactate, oxygen delivery, etc.) 
or directly by methods that enable direct visualization of 
tissue perfusion (video microscopic techniques). In addition, 
direct measurement of tissue oxygenation as well as dynamic 
tests (e.g., occlusion test) help in the assessment of the 
microcirculation (Flowchart 2). 


Indirect Downstream Parameters 


Several downstream parameters have been evaluated 
and used in clinical practice. They include lactate, SvO;, 
venoarterial carbon dioxide (vaCO,) difference, measure- 
ments of oxygen delivery (DO,) and oxygen consumption 
(VO,), and tonometry.'® 

Lactate is the most widely studied downstream 
parameter that has been used as a marker of anaerobic 
metabolism and tissue hypoperfusion.'® Hyperlactatemia 
represents the imbalance between lactate production and 
clearance. Lactate levels in the critically ill can be influenced 
by other factors such as global hypoperfusion (circulatory 
shock and hypoxia) regional hypoperfusion (bowel or 
limb ischemia), drugs (metformin and catecholamines), 
mitochondrial dysfunction (sepsis and drugs), and hepatic 
dysfunction (decreased metabolism). These factors make 
it difficult to interpret lactate levels in the critically ill. Single 
estimates of lactate have not been shown to correlate with 


mortality. However, serial lactate measurements as well as 


lactate clearance overtime have been demonstrated to be 
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Assessment of the microcirculation 


Direct methods Indirect methods [_ Dynamic methods | 


e Serum lactate 
* Mixed venous SaO, 


* Surface measurement 
* Direct visualization 


* 3D imaging 
* Regional 
measurements 


* Oxygen delivery 
* Oxygen consumption 


* Venoarterial CO, difference 


Occlusion test with | |* NIRS 
laser doppler or NIRS | |* Regional capnography 
* Tissus electrodes 
to measure O; 


3D, three dimensional; CO,, carbon dioxide; O5, oxygen; NIRS, near-infrared spectroscopy; SaO., oxygen saturation. 


FLOWCHART 2: The microcirculation can be assessed by (1) direct methods, (2) indirect methods, (3) dynamic methods and (4) measurement 
of tissue parameters. Direct methods include (A) surface measurements such as laser Doppler flux measurement, reflectance spectroscopy and 
sidestream dark-field imaging, (B) direct visualization that include standard intravital microscopy and orthogonal polarization microscopy, (C) 3D 
imaging using photon emission tomography, magnetic resonance imaging and contrast echocardiography and (D) regional measurements 
using catheter techniques and plethysmography. Indirect methods involve the measurement of biochemica! parameters such as lactate, or 
measures of oxygen or carbon dioxide such as mixed venoarterial saturation, venoarterial carbon dioxide difference, oxygen delivery and oxygen 
consumption. Dynamic tests involve occlusion tests and then assessing the response of the microcirculation using laser Doppler or Near-infrared 
spectroscopy (NIRS). Tissue measures include the direct measurement of tissue oxygenation using platinum electrodes or measuring oxy- and 


deoxyhemoglobin in tissues using NIRS 


prognostic." In a recent study, reduction in lactate level was 
more pronounced in survivors than in nonsurvivors. 

Mixed venous oxygen saturation, measured through a 
pulmonary artery catheter is thought to reflect the average 
oxygen saturation in all perfused microvascular beds. Since 
SvO, is technically more difficult to measure due to the need 
to place a pulmonary artery catheter, central venous oxygen 
saturation (ScvO,) has supplanted SvO, measurements. A 
low ScvO, would indicate either a decrease in the oxygen 
delivery to the tissues or an increase in the tissue oxygen 
consumption or both. A high ScvO, on the other hand 
would reflect reduced oxygen utilization by the tissues. In 
clinical situations of a low ScvO,, improving oxygen delivery 
by optimizing cardiac output has been used in resuscitation 
protocols such as the early goal-directed therapy.'? Studies, 
however, have failed to show a relationship between 
admission ScvO, levels and mortality,9!? although ScvO, 
at 48 hours may predict outcome.? Overzealous correction 
of ScvO, to supranormal levels can also worsen mortality 
in patients with preexisting hypoperfusion-induced organ 
injury.” Current evidence does not support a major role for 
ScvO, monitoring and guided therapy in patients admitted 
with septic shock. 

Venoarterial carbon dioxide (CO,) difference is another 
parameter that is used to assess the adequacy of the 
microcirculation. This came about because some patients, 
despite "normalization" of ScvO, (27096) continued to have 
features of tissue hypoperfusion, manifested by an increase 
in the vaCO,?! Patients with a vaCO, gap of >6 mmHg may 
thus reflect a subgroup of patients who remain inadequately 
resuscitated.?! On the other hand, another subset of patients 
have a "low" CO, gap of «6 mmHg. These patients are likely 
to have impaired mitochondrial respiration, whereby 
inefficient production of CO,, due to anaerobic metabolism, 


results in a low CO, gap 5 These findings may be consistent 
with cytopathic dysoxia or regional microcirculatory 
abnormalities in sepsis.!?? In a recent study on patients with 
sepsis, those with normalized ScvO, and narrow vaCO, had 
increased mortality.'5 In another study, vaCO, differences 
were shown to reflect microcirculatory alterations (as 


. assessed by sublingual microcirculatory images) in patients 


with septic shock.? 

Other parameters that are used to monitor the micro- 
circulation include VO, and DO,. The VO,/DO, dependence 
has been demonstrated to be a marker of tissue hypoxia 
and is associated with a poor outcome.” In experimental 
conditions, plasma hyaluronan levels have also been shown 
to be associated with impaired microcirculation in sepsis and 
therapies that improved the microcirculation also resulted in 
a decrease in hyaluronan levels,” 

Tissue dysoxia can also be assessed by regional intestinal 
capnography. This method measures the difference 
between intestinal partial pressure of carbon dioxide (pCO,) 
and arterial pCO, and uses the principle of CO, diffusion 
from local anaerobic production across tissues and cell 
membranes. Gastric intramucosal pCO, values also 
correlated with sublingual pCO,. Baseline difference between 
sublingual pCO, and arterial pCO, is a better predictor of 
survival than changes in lactate or SvO,,7° 


Measurement of Tissue Oxygenation 


Tissue oxygenation [partial pressure of oxygen (PO,)| can be 
assessed by the placement of multiple platinum electrodes 
of 15 um diameter." These electrodes, however, are sensitive 
to the highest PO,. This test detects only global decrease in 
tissue oxygenation and is unabie to detect PO, heterogeneity 
or regional decreases in tissue oxygenation. 
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Near-infrared spectroscopy (NIRS)is anothertestthat uses 
near-infrared light to measure oxy- and deoxyhemoglobin in 
tissues. It is generally applied on the muscle. As with other 
tests, NIRS is able to provide only an aggregate of oxygen 
saturations in the sampling volume.?? 


Direct Methods of 
Assessment of Microcirculation 


These methods allow direct visualization of tissue perfusion. 
Itmust be kept in mind that measurement of microcirculation 
at a specific site may not be representative of global 
microcirculatory abnormalities, since regional differences 
as well as heterogeneity of flow in a specific site may occur 
in the same individual at different time points in the course 
of sepsis, as alluded to earlier. However, these methods have 
helped to better understand the changes that occur in the 
microcirculation as well as response to therapy. 

Direct methods of assessment of microcirculatory 
abnormalities include: (i) surface measurements [e.g., laser 
Doppler flux measurement, reflectance spectroscopy and 
sidestream dark-field (SDF) imaging], (ii) direct visualization 
(e.g, standard intravital microscopy and orthogonal 
polarization microscopy), (iii) three-dimensional (3D) 
imaging (e.g, photon emission tomography, magnetic 
resonance imaging, and contrast echocardiography), and 
(iv) regional measurements (e.g., catheter techniques and 
plethysmography).? Regional -measurements using -3D 
techniques in the critically ill are limited by cost as well as 
the challenges of transporting a critically ill for the procedure. 
Surface measurement techniques and direct visualization are 
commonly used in this setting. 


Laser Doppler 


It involves the principle of detection of frequency shift 
in laser light after it encounters flowing erythrocytes.? It 
measures the velocity of microcirculatory flow in a small area 
of microcirculation being an average of the velocities of all 
the vessels present in a measured volume.? The drawback 
of this technique is that it needs to be applied to the organ 
and, hence, its use is restricted to easily accessible organs 
such as the skin and mucosa. As described earlier, the skin 
responds early to circulatory shock with vasoconstriction; 
its microcirculation is also easily manipulated by 
vasoconstriction (either with drugs or with temperature) 
and, hence, its application in the skin to ascertain global 
microcirculatory abnormalities is fraught with problems. It 
has also been used recently to measure flow in the gastric 
mucosa, rectum, and vagina. Newer developments of this 
technology, such as speckle laser and confocal lenses, are 
being evaluated in experimental models.?" 


Video-microscopic Techniques 


These techniques involve the application of small 
microscopes to tissues to directly visualize microvessels.” 
Nailfold microvideoscopy was the first method used. 
However, its use is restricted due to it being affected by 
several factors that affect blood flow to the skin. Orthogonal 
polarization spectral (OPS) and later SDF imaging have been 
introduced./9?' An OPS creates high-contrast images without 
the use of fluorescent dyes, contrast being obtained by the 
absorption of linearly polarized light by the hemoglobin in 
the blood.!* Data is recorded on a digital video recorder. The 
SDF is also based on the principle that light is absorbed by 
the hemoglobin. Several light-emitting diodes are positioned 
at the outer surface of the objective, isolated from the inner 
image-conducting core, so that the light reflected by the 
outer surface cannot enter the image conducting core." 
These devices were initially studied in the nailbed; however, 
it can be used in mucosal surfaces such as the sublingual 
area. Its application is being considered to other accessible 
mucosal surfaces such as ileostomy, colostomy, rectal, 
and vaginal mucosa.”’ The modalities do not provide exact 
measurements of red blood cell flow velocity in individual 
vessels. Tissue perfusion is assessed using semiquantitative 
assessment with a score based on an average score of a 
maximum of 12 quadrants, derived from the overall flow 
impression ofall vessels within a particular range of diameter 


in a given quadrant? Although this technique is time. 


consuming, it is probably one of the best available modalities 
for assessment for tissue perfusion." Compared to OPS, 
SDF offers the advantage of improved image quality, relative 
technical simplicity, and lack of need of a high-powered 
light source.” The disadvantages of both these techniques 
are movement and pressure artifacts or secretions that may 
influence the images.'? It also needs considerable experience 
asit is examiner-dependent.!? 


Dynamic Tests 
(Occlusion Tests) 


Occlusion tests can be conducted with laser Doppler as well 
as NIRS devices. This test assesses the microvascular and 
tissue response to hypoxia. This is based on the observation 
that vasoreactivity is altered in patients with sepsis." 
Transient arterial occlusion is applied to the arm by the 
placement of a cuff. The speed of flow (in the case of laser 
Doppler) or SO, recovery (in the case of NIRS) is assessed. 
It must, however, be remembered that the recovery slope is 
also influenced by tissue O, consumption and microvascular 
hemoglobin content and mechanical properties of the 
vessels." However, these tests offer promise in the evaluation 
of the microvasculature. 
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SHOULD WE TARGET 
THE MICROCIRCULATION? 


There are several studies that have shown that impairment 
of microcirculatory perfusion is associated with worsening 
organ dysfunction and increased risk of death.!*:'5°°! Thus 
it is logical that improvement in the microcirculation might 
result in improved outcome. De Backer et al. showed that 
sublingual microcirculatory perfusion was compromised to a 
greater extent in nonsurvivors than survivors ofseptic shock.'? 
These changes were in terms of a decrease in vessel density 
and an increased proportion ofnonperfused or intermittently 
perfused capillaries.?? In another study of 252 patients with 
severe sepsis, the same authors showed that microcirculatory 
alterations are stronger predictors of outcome than global 
hemodynamic variables?! The authors also showed that 
microcirculatory perfusion improved overtime in survivors, 
whereas in nonsurvivors, these abnormalities persisted. It 
was also noted that the microcirculatory abnormalities could 
be fully reversed by the topical application of acetylcholine.” 
These studies suggested that the local epithelium was still 
responsive to nitric oxide, whereas vasoplegia due to ongoing 
sepsis was persistent.!® 

In a more recent international study published in 
2015 involving 36 intensive care units and 501 patients, an 
abnormal microvascular flow index was present in 1796 of 
patients.? Microvascular abnormalities in this study were 
not associated with mortality. However, in patients with 
tachycardia, an abnormal microvascular flow index was 
independently associated with increased risk of death.” 
These suggest that it may be worthwhile manipulating the 
microcirculation. 


. 


IMPROVING THE MICROCIRCULATION | 


Since the microvascular alterationsin sepsis is heterogeneous, 
it is probably more important to recruit the microcirculation 
than to try and increase the total flow to the organ.’ Since 
significant macrocirculatory abnormalities can contribute to 
microcirculatory abnormalities, it is important to also look at 
what maybe the minimum macrocirculatory goals that should 
be achieved in order to optimize microcirculatory targets. 
The main goals in the macrocirculation are hemodynamic 
(blood pressure) and fluid (volume status). Thus, fluids and 
vasoactive agents are the key components of hemodynamic 
resuscitation with the objective of improving tissue perfusion 
as well as oxygenation. 

The ideal blood pressure in circulatory shock is difficult 
to establish. Dubin et al. evaluated the microcirculation of 
20 patients with septic shock with a mean blood pressure of 
65 mmHg. They observed that despite an increase in the mean 
blood pressure to 75-85 mmHg with noradrenaline, there 
was no significant increase in microcirculatory parameters.*4 
It thus appears that achievement of macrocirculatory targets 
may not necessarily translate to improvements in the 


microcirculation. This does not rule out the dependence of 
the microcirculation on the macrocirculation. The effects of 
intra-aortic balloon pump and extracorporeal membrane 
oxygenators have been recently studied.” Some changes in 
the microcirculation were observed following implantation 
of these devices, suggesting that when global perfusion is 
severely impaired it has an effect on the microcirculation, 
which can be partially ameliorated by improving the 
macrocirculation.?? 

Fluid therapy is an important dimension of treatment, 
since it is likely to not only improve the volume status (the 
preload) but also help to optimize cardiac output as well 
as tissue perfusion. Observational studies have shown that 
administration of saline or albumin in septic patients results in 
an improvement in the microcirculation that is independent 
of cardiac output and mean arterial pressure.!9957 These 
effects were evident in the early phase («24 h) of sepsis 
rather than in the late phase of sepsis.?? There is still no 
consensus as to which fluid may be better in improving the 
microcirculation. Although theoretically colloids may be 
better than crystalloids, the former may contribute to an 
increase in the viscosity. There is also the suggestion that the 
effect of fluid therapy on microcirculation may be saturable 
with benefits in the early part of sepsis with no response 
subsequently.! The mechanism by which fluids may improve 
microcirculation is not clear; changes in viscosity, decreased 
cell adhesion, and decrease in vasoconstrictor substances 
are postulated mechanisms.! 

Red cell transfusion may have a beneficial effect on 
tissue perfusion and oxygenation by improving flow as well 
as increased oxygen carrying capacity. However, in patients 
with sepsis, trials have failed to show a benefit. While 
transfusions did improve the microvascular perfusion in 
those with severely altered microcirculation, in those with 
normal microcirculatory parameters, it tended to worsen 
microcirculation.!9839 

Although theoretically, vasopressors may reduce tissue 


perfusion by causing vasoconstriction, correction of hypo- - 


tension with these agents results in improvement in micro- 
circulatory parameters probably as a result of an increase in 
the perfusion pressure.! As observed earlier, higher blood 
pressure targets are not necessary to improve microvascular 
parameters. There is also promise in the use of -adrenergic 
agents, which have been shown to improve microvascular 
perfusion. These effects were found to be independent of 
systemic effects. Similar effects are seen with milrinone and 
levosimendan.! 

Vasodilators are the class of drugs that have been most 
studied as potential agents to improve the microcirculation. 
This is because of the postulate that loca! constriction- 
dilatation regulates blood flow through the microcirculation.’ 
A decrease in vascular density could be attributed to 
vasoconstriction. This came about from observations that 
topical application of acetylcholine resulted in improved 
flow in the microcirculation. Ii was also observed 


that nitroglycerin administration was associated with 
improvement in microcirculatory parameters. However, this 
finding has not been consistently demonstrated.?^ This is 
probably because of the heterogeneity of patients that were 
enrolled in the studies and the lack of selectivity of the agent 
on the vascular bed. This can result in vasodilatation of both 
perfused and nonperfused areas, resulting in excess flow in 
perfused areas and possibly reduction in flows in already 
low-perfused needy areas.' 


The role of dobutamine has been explored in some 


studies.!°*°*! De Backeretal. reported an improvement iin the 
microcirculatory parameters in patients with septic shock." 
These effects were independent of the effects on the macro- 
circulation. However, in another study, despite improvement 


in 


macrocirculatory parameters, dobutamine was not 


associated with improved microcirculatory parameters.” 


Steroids and anticoagulants have shown some promise in 


improving microcirculation. Steroids, which are often used in 
patients requiring high dose inotropes, have been shown to 
help improve vascular tone, which in turn may alter capillary 
perfusion.* In one study of 20 patients with septic shock, there 
was a slight improvement in microcirculation with steroids 
within an hour of hydrocortisone administration, which 
was independent of arterial pressure. Anticoagulants may 
potentially improve microcirculation.!99* Activated protein C 
has been shown to improve sublingual microperfusion 
in patients with severe sepsis. These effects may also be 

- .seen with antithrombin: However, the mechanisms are still 
unclear and needs further assessment.!° 


8 CONCLUSION 


Despite the pitfalls and limitations in the assessment of 


the 


microcirculation, it appears that in future, accurate 


assessment and modulation of the microcirculation would 
be an important dimension of care in patients with septic 
shock. The heterogeneity of not only the microcirculation but 
also regional vascular beds poses tremendous challenges in 


the 


evaluation of microcirculatory abnormalities. Vasoactive 


agents that are currently available do not have selective action 
on regional vascular beds enough to improve perfusion to 
regions that are underperfused. Further work is required to 
translate these observations to improvements in clinically 
meaningful outcomes. 
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How to Interpret Venoarterial 
Partial Pressure of Carbon Dioxide? 
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Y INTRODUCTION o e lat ste Aa ota 
Early identification and adequate resuscitation for tissue 
hypoperfusion are key factors in the management of 
patients with shock.! Although early resuscitation seems 
to improve outcomes in severe sepsis and septic shock, 
the relative value of resuscitation goals continues to be 
highly debated.” During the last decade, parameters such 
as stroke volume, stroke volume variation, central venous 
saturation of oxygen (ScvO,), and cardiac index (CI) have 
been increasingly üsed to monitor adequaté hemodynamic 
treatment. Monitoring of ScvO, is widely recommended?" 
although strongly challenged by some. In an early trial, 
Rivers, et al. observed a significant decrease in mortality 
when they used a resuscitation bundle targeting ScvO, 
27095. Conversely, recent data failed to confirm any benefit 
with this approach.” It has recently been shown that a 
supranormal high ScvO, (58096) in septic patients correlates 
with a higher mortality compared to patients with normal 
ScvO, possibly due to microcirculatory hypoperfusion.** 
The current dilemma faced by clinicians in resuscitation 
is in patients with normal ScvO, who supposedly are well 
resuscitated, but have occult global microcirculatory 
dysfunction, which if not corrected may lead to oxygen debt 
and organ failure. This issue is important as splanchnic 
hypoperfuson is associated with a mortality rate ranging 
from 15% to 63%.° The mixed venous-to-arterial partial 
pressure of carbon dioxide difference [pmvCO, - arterial 
CO, tension (paCO,) or ApCO,] might help to address 
this problem and could serve as an additional parameter, 
which is easy to assess and routinely available to evaluate 
the adequacy of macro- and microcirculation. A mixed 
venous-arterial pCO, difference (ApCO,) >5-8 mmHg 
in perioperative and intensive care settings has been 
associated with compromised macro- and microcirculatory 
function in numerous studies of septic patients.!?-4 


E PHYSIOLOGICAL BACKGROUND  — 
Carbon dioxide (CO,) is transported in blood in three forms: 
(i) dissolved in solution, (ii) as bicarbonate, and (iii) with 
proteins in the form of carbamino compounds. The sum of all 
three forms is the total CO, content of blood. 


Dissolved Carbon Dioxide 


Carbon dioxide is more soluble in blood than oxygen 
(O,) with a solubility coefficient of 0.031: mmoL/L/ 
mmHg (0.067 mL/dL/mmHg) at 37°C. 


Bicarbonate 


In aqueous solutions, CO, slowly combines with water 
to form carbonic acid and bicarbonate, according to the 
following reaction, which is accelerated by the enzyme 
carbonic anhydrase within erythrocytes and endothelium. 


H,0 + CO, o H,CO, + H++ HCO,” 


Less than 1% of the dissolved CO, in plasma undergoes 
this reaction and bicarbonate represents the largest fraction 
of the CO, in blood. The chloride shift is phenomenon related 
to differential shift of chloride in exchange of bicarbonate in 
the blood in the venous circulation and alveolar capillaries. 


Carbamino Compounds 


Carbon dioxide can react with amino groups on proteins, as 
shown by the following equation: 


i R-NH, + CO, > RNH - CO, 
-4H* 
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' At physiological pH, only a small amount of CO, is 
carried in this form, mainly as carbaminohemoglobin. 
Deoxygenated hemoglobin (deoxyhemoglobin) has a greater 
affinity (3.5 times) for CO, than does oxyhemoglobin. As 
a result, venous blood catries more CO, than does arterial 
blood (Haldane effect). Partial pressure of carbon dioxide 
normally has little effect-on the fraction of CO, carried as 
carbaminohemoglobin. 


$ CARBON DIOXIDE DISSOCIATION CURVE 


A CO, dissociation curve can be constructed by plotting the 
total CO, content of blood against pCO,. The contribution of 
each fotm of CO, can also be quantified in this manner. 

The relationship between the pCO, and the total 
pulmonary capillary oxygen content (CcO,) is curvilinear 
although more linear than the oxygen dissociation curve. 
The pCO,/CcO, relationship is influenced by hematocrit, 
peripheral capillary O, saturation, temperature, and pH. 


jl DETERMINANTS OF THE 
ARTERIOVENOUS PARTIAL PRESSURE 
KOF CARBON DIOXIDE DIFFERENCE 


As carbon dioxide is produced in the mitochondria as a 
byproduct of aerobic metabolism, and eliminated by the 
alveoli, there is a continuous concentration gradient of this 
gas from tissue to alveoli. 


Mixed Venous Carbon Dioxide Tension 


Normal mixed venous CO, tension (PvCO,) is about 
á6mmHg. This is the end result of admixture of blood draining 
from various tissues with different metabolic activity like skin 
with low metabolism and low-venous CO, and heart with a 
high. The PaCO, is identical to pulmonary end capillary CO, 
tension (PcCO,). 


Arteríal Carbon Dioxide Tension 


Arterial CO, tension, which is readily measurahle, is identical 
to PcCO,. Normal PaCO, is 38 + 4 mmHg (5.1 + 0.5 kPa); in 
practice, 40 mmHg is usually considered normal. 


8 CARBON DIOXIDE PRODUCTION 


There are two components to tissue CO, production: CO, 
produced in the mitochondria's tricarboxylic acid cycle as 
a result of oxidative phosphorylation (aerobic VCO,) and 
CO, resulting from bicarbonate buffering of hydrogen ions 
produced by anaerobic sources of energy (anaerobic VCO,). 
Total CO, production is the sum of these two. 


VCO, = (VCO)) aerobic + (VCO,) anaerobic 


Under aerobic conditions, hydrogen ions derived from 
the hydrolysis of adenosine triphosphate (ATP) are recycled 
during oxidative phosphorylation in the mitochondria. 


Aerobic Venous Carbon Dioxide Component 


The relationship between venous oxygen (vO,) and aerobic 
venous carbon dioxide (vCO,) is defined by the cellular 
respiratory quotient (RQ): 


Respiratory quotient depends on the type of substrate 
consumed, that is glucose, free fatty acids, or a combination 
there of. It may vary between 0.7 and 1 with respect to the 
predominant energy source; for instance when lipids are the 
major fuel sources, R is close to 0.7 whereas under conditions 
of high-carbohydrate intake R approaches 1.'° Therefore, CO, 
production should augment either with increased oxidative 
metabolism or for a constant vO, when an equilibrated 
feeding regimen is replaced by a high-carbohydrate intake 
regimen. Under both conditions, CmvCO, - CaCO, difference 


‘or ApCO, should increase. Conversely, CO, production 


should decrease when oxidative metabolism is decreased 
either because of decrease in global oxygen demand or 
because of hypoxic conditions. 


Anaerobic Venous Carbon Dioxide Component... .. . 


Under hypoxic conditions of oxygen scarcity, the rate 
of cellular ATP production is the sum of mitochondrial 
and anaerobic ATP production. The latter is derived from 
glycolysis, the creatine kinase, and the adenylate kinase 
reactions. During dysoxia, however, the hydrolysis of ATP 
results in the generation of H* that accumulates in the 
cytosol. H* leaving the cell is weakly bound to lactate or 
buffered by bicarbonate in the interstitial fluid to produce 
CO,.!6 


E CARDIAC OUTPUT —.— —.' — 


The Fick principle relies on the observation that the total 
uptake of (or release of) a substance by the peripheral tissues 
is equal to the product of the blood flow to the peripheral 
tissues and the arteriovenous concentration difference 
(gradient) of the substance. In the determination of cardiac 
output, the substance most commonly measured is the 
oxygen content of blood thus giving the arteriovenous oxygen 
difference, and the flow calculated is the flow across the 
pulmonary system. This gives a simple way to calculate the 
cardiac output: 


Oxygen consumption 


Cardiac output = ——— ————————— ———— 
Arteriovenous oxygen difference 
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The Fick equation applied to CO, indicates that the CO, 
excretion (equivalent to CO, production in a steady state) 
equals the product of cardiac output by the difference 
between CcO, in mixed venous blood (CmvCO,) and in 
arterial blood (CaCO, ): 


vCO, = cardiac output x (CmvCO, - CaCO,) 


The normal relationship between CO, pressure and 
content is almost linear over the usual physiological range of 
the CO, contents so that pCO, can be taken as a measure of 
CcO,.!” Thus, by substituting pCO, for CcO, and considering 
that ApCO, = kx (CmvCO, - CaCO,), a modified Fick equation 
can be obtained: 


vCO, = cardiac output x k x ApCO, 


Thus, ApCO, = k x vCO,/cardiac output, where k is 
assumed to be constant. Accordingly, ApCO, would be 
linearly related to CO, production and inversely related to 
cardiac output. Under aerobic steady-state conditions vCO, 
approximates vO, and, consequently, the mixed venous-to- 
arterial CO, content difference (Cmv-aCO,) approximates 
the arterial to-mixed-venous O, content difference (Ca-vO,). 
In other words, CO, production should not be higher than 0, 
availability and, therefore, the vCO,/vO, ratio (i.e., the RQ) 
should not be higher than 1.0. According to the modified Fick 
«equation, ApCO, should be inversely correlated to cardiac 
output. The ApCO,/cardiac output relationship depends 
on the level of vCO,, so that a family of hyperbolic ApCO,/ 
cardiac output relationship curves for various levels of vCO, 
(vCO, isopleths) can be drawn (Fig. 2). Under conditions of 
stable vO, and vCO,, ApCO, was observed to increase along 
with the decrease in cardiac output. Such an increase in 
ApCO, following cardiac output reduction is explained by 
the CO, stagnation phenomenon. Because of transit time 
slowing, a greater than normal addition of CO, per unit of 
blood crossing the efferent microvessels tends to generate 
hypercapnia in the venous blood. As long as pulmonary 
ventilation is adequate, a gradient will develop between 
PmvCO, and PaCO,. However, under spontaneous breathing 
conditions, hyperventilation, stimulated by the reduced 
blood flow, may decrease PaCO, and thus may prevent the 
CO, stagnation associated increase in PmvCO,. This finding 
underlines the usefulness of calculating ApCO, rather than 
simply measuring PmvCO,, in particular in the case of 
spontaneous breathing patient.’ 

It is noteworthy that the ApCO,/cardiac output 
relationship is not linear but curvilinear such that a change 
ofcardiac output will result in a greatest increase in ApCO, in 
the lowest range of cardiac output than in the highest range 
of cardiac output. In summary, during aerobic conditions, 
ApCO, is expected to be abnormally high (>6 mmHg), if 
Cardiac output is low except in the case of low-metabolic 
demand. 


In Hypoxic Condition 
Carbon Dioxide Production 


During circulatory shock, a global decrease in vO, should 
be accompanied by a reduction in aerobic CO, production. 
However, experimental models demonstrate that vCO, 
exhibits a slighter decrease than vO,,”°?! thus pathologically 
increasing the vCO,/vO, ratio asconsequence of predominant 
anaerobic metabolism (Fig. 1). Interestingly, after shock 
reversion, the vCO,/vO, ratio returns to normal values, 
suggesting the potential reversibility of this phenomenon, at 
least during the early stages of shock. 

It has been postulated that tissue CO, concentration 
increases during dysoxia as hydrogen ions generated by 
anaerobic sources of energy are buffered by bicarbonate. 
Indeed, under anaerobic conditions, H* ions are generated 
by two mechanisms: 

1. Excessive production of lactic acid related to accelerated 
anaerobic glycolysis, since pyruvate can no longer be 
cleared by the Krebs cycle 

2. Hydrolysis of ATP and of adenosine diphosphate. The 
generated protons will then be buffered by HCO, ions, 
into the cell so that CO, will be generated. 

The degree of significance of this so-called “anaerobic CO, 
production" is a matter of debate.” In fact, the production of 
CO, from anaerobic pathway is difficult to detect since the 
efferent venous blood flow can be high enough to washout 
the CO, produced from the tissues. Moreover, because 
the marked fall of CO, production from aerobic pathway 
occurring under these circumstances, the total production of 
CO, should markedly decrease. Therefore, pCO, could not be 
augmented in the draining vein and the so-called “anaerobic 
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FIG. 1: Carbon dioxide (CO) pressure/CO, content relationship and 
metabolic acidosis. When metabolic acidosis worsens [from base 
excess (BE) 0 to -15 mmoL/L), the relationship is shifted to the right. 
Therefore, a given value of pulmonary capillary oxygen content could 
be associated either to a partial pressure of carbon dioxide (pCO,) of 
40 mmHg in normal conditions or to à pCO, of 70 mmHg for a severe 
metabolic acidosis (BE-15) 


65 


66 


SECTION 1: Hemodynamic Monitoring and Resuscitation 


CO, production" could not be detected from the calculation 
of ApCO,. 

However, in experimental models of myocardial ischemia 
induced by ventricular fibrillation or prolonged coronary 
artery occlusion, striking elevations of pCO, consistent with 
anaerobic CO, production were measured in the myocardium 


-or in the cardiac vein.29?! 


On the other hand, in all experimental studies where 
vCO, was measured during hypoxia, vCO, was reported to 
decrease? suggesting that the decrease in CO; production 
due to reduced aerobic metabolism was predominant and 
that the anaerobic CO, productiom was of minor importance. 
Now, in two studies, vCO, decreased less than vO, suggesting 
thatsome anaerobic CO, generation had probably occurred.” 


K Factor 


From the discussions above we know that: 


k = ApCO,/(CmvCO, - CaCO;) 
Or, k = (ApCO, x cardiac output)/vCO, 


As mentioned earlier, hematocrit, oxygen saturation, 
temperature, and pH influence the pCO,/CcO, relationship, 
as such, k is not constant even in physiological conditions. In 
particular, metabolic acidosis results in a shift in the pCO,/ 
CcO, relationship such that for a given value of CcO,, pCO, 
is higher in the case of metabolic acidosis than in the case 
of normal -pH (Fig-1): During tissue hypoxia, “k” should 
increase owing to the presence of tissue metabolic acidosis. 
In an animal study, where tissue hypoxia was induced by 
cardiac tamponade, independent measurements of ApCO,, 
cardiac cutput, and vCO, allowed to estimate the k factor 
and its change with hypoxia. A striking rise (sixfold) of k 
was observed after induction of tissue hypoxia. Thus, during 
hypoxia, “k” should increase while vCO, should decrease. 
Obviously, the resultant effect on ApCO, depends on the 
third determinant, the cardiac output. 


Cardiac Output 


Itis important to distinguish two different situations: (i) tissue 
hypoxia with reduced cardiac output and (ii) tissue hypoxia 
with normal or high-cardiac output. 


Tissue Hypoxia with Decreased Blood Flow 


Experimental studies? in which blood flow was reduced 

below the critical limit of supply dependency showed that 

ApCO, could increase significantly when very low values of 

cardiac output are achieved. This fact can be explained by the 

three following reasons: ` 

e An increase in venous pCO, secondary to low-flow- 
induced CO, stagnation?“ ?" 
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FIG. 2: Venous-to-arterial carbon dioxide partial pressure difference 
(ApCO,)/cardiac output relationships. According to the modified 
Fick equation, the APCO,/cardiac output relationship is curvilinear. 
Therefore, for a constant venous carbon dioxide (vCO,), changes in 
cardiac output result in large changes in ApCO, in the low values of 
cardiac output, whereas changes in cardiac output will not result in 
significant changes in ApCO, in the high values of cardiac output. 
These relationships are further more complex when changes in 
cardiac output are accompanied by changes in vCO, and thereby by 
a transfer for one vCO, isopleth to another one (on the figure vCO, 
increases from the left to the right) 


e An increase in RQ with persistent additional CO, 
production (vCO,), relative to the O, uptake, secondary 
to the buffering of excess hydrogen-ions by bicarbonate” 

e An increase in CO, production and stagnation although 
a ScvO, 70%. 

As the relation between cardiac output and CmvCO, - 
CaCO, difference is not linear but curvilinear (Fick equation) 
(Fig. 2), a dramatic increase in CmvCO, - CaCO, difference 
must be observed for a décrease in cardiac output in its lowest 
range. In fact, although this mathematical phenomenon may 
be strong under conditions of maintained vCO,, it should 
be attenuated in hypoxic conditions since the decrease in 
vCO, rightward shifts the vCO, isopleth, which describes the 
CmvCO, - CaCO, difference/cardiac output relationship. 

The striking widening of ApCO, at very low-cardiac 
output may also be explained by the curvilinearity of the 
relationship between CmvCO, and PmvCO, in the highest 
range of CcO, so that changes in ApCO, are greater than 
changes in CmvCO, - CaCO, difference in such extreme 
conditions (Fig. 1). Consequently, in the case of low-flow 
states, the increase in PmvCO, resulting from CO, stagnation 
is of greater extent than the increase in CmvCO,. 


Tissue Hypoxia with Maintained Blood Flow 


Under conditions of tissue hypoxia, the putative increase in 
anaerobic CO, production is over ridden by the decrease in 
aerobic CO, production.? If the blood flow is maintained with 
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anormal or high-cardiac output then this less-produced CO, 
should be easily washed-out so that CmvCO, as well as the 
CmvCO, - CaCO, difference should not increase. Although 
the “k” factor should increase in these hypoxic conditions, 
PmvCO, and ApCO, should not increase. Vallet et al. in 
their model of isolated dog hind limb showed that ApCO, 
significantly increased when limb hypoxia was induced by 
ischemia (low-blood flow) while it remained unchanged 
when hypoxia was related to hypoxemia (while blood flow 
was maintained). Similar results were observed in an in vivo 
conditions in pigs” and in sheep.” These studies underline 
that the absence of elevated ApCO, does not preclude the 
presence of tissue hypoxia and that a decreased blood flow 
is the major determinant in the increased ApCO,. Gutierrez” 
in a mathematical model analysis and some clinical studies 
have also suggested that the reduced blood flow plays the key 
role in the widening of ApCO, observed under conditions of 
low-blood flow with tissue hypoxia.?? 

Mecher et al.” found that the subgroup of septic shock 
patients with ApCO, >6 mmHg had a mean cardiac output 
significantly lower than the subgroup of those with ApCO, 


«6 mmHg. The two subgroups did not differ in terms of degree - 


ofhyperlactemia and of arterial hypotension. In others words, 
a number of patients of this study (18/37) had normal ApCO, 
despite patent tissue hypoxia, probably because their high- 
blood flow easily remove the CO, produced at the periphery. 
In the subgroup of patients with high ApCO, volume 


—— ---resuscitation resulted in a:decrease in ApCO, associated 


with an increase in cardiac output. The authors reasonably 
concluded that in patients with septic shock, an increased 
ApCO, is associated with a reduced systemic blood flow. 
Bakker et al.!8 also demonstrated that ApCO, was mostly 
related to cardiac output. In their study including 64 patients 
with septic shock, only 15 patients had a ApCO, higher than 
normal (>6 mmHg). These patients had a lower cardiac 
output than the patients with normal ApCO,. Moreover, 
opposite changes in ApCO, and in cardiac output during 
the course of septic shock were observed. Interestingly, 
patients with a high ApCO, had similar vO, and blood 
lactate than those with a normal ApCO,. Although vCO, 
and vO, were not measured directly, these data suggest 
that differences in CO, production did not account for 
differences in ApCO,. Clearly, studies of Mecher et al.” 
and Bakker et al.!° underlined the poor sensitivity of ApCO, 
to detect tissue hypoxia, since ApCO, was normal in most 
patients with sepsis-related circulatory shock except with 
those with low-cardiac output. The major role of cardiac 
output in the widening of ApCO, was confirmed by the 
study of Wendon et al? including hypotensive patients 
with fulminant hepatic failure. The major finding was that 
ApCO, was low («3 mmHg) despite evident tissue hypoxia. 
This was probably explained by a low production of CO,— 
as suggested by the low vO, (119 mL/min/m?)—easily 
removed by the very high level of systemic blood flow (CI = 
5.4 L/min/m?). These findings underline the fact that tissue 


hypoxia under conditions of high-flow states should result 
in decreased (or normal) rather than increased ApCO,. 

A ScvO, >70% and a high ApCO, in septic patient 
was associated with a low CI, which is an indicator of 
microcirculatory impairment. In study by Valle et al., 
underesucitated patients could be identified by a high ApCO, 
even if they have an adequate ScvO, as per the current 
guidelines. This finding was also substantiated in a study by 
Bakker et al.!° where high ApCO, was associated with poor 
outcome and higher lactate levels in patients with sepsis. 
A high ApCO, can occur due to various reasons. ApCO, is 
related linearly to CO, production and inversely to cardiac 
output.!° Uneven distribution of microcirculatory flow leads to 
increase of venous blood carbon dioxide??? This may lead to 
increase of ApCO, because of a decreased washout.? ApCO, 
can become an important marker of tissue hypoperfusion.*° 
Two mechanism of increased ApCO, in shock state has 
been described by Durkin et al. At first, lower blood flow 
in shock patients leads to a longer blood transit time in the 
microcirculation causing more carbon dioxide to diffuse 
into the venous blood. Secondly, due to increased minute 
ventilation and ventilation/perfusion mismatch, arterial 
partial pressure of carbon dioxide decreases.” Increase in 
anaerobic metabolism leading to increased carbon dioxide 
production may also lead to increased ApCO,,.84 


& CLINICAL USE OF VENOUS-TO- 
Sj ARTERIAL CARBON DIOXIDE DIFFERENCE _ 


Interpretation of Venous-to-arterial Carbon 
Dioxide Difference in Shock States 


Venous-to-arterial carbon dioxide difference can be 
calculated after simultaneous sampling of arterial blood 
(PaCO,) and of mixed venous blood from the distal end of a 
pulmonary artery catheter (PmvCO,). Under physiological 
conditions, APCO, ranges from 2 to 5 mmHg. 

The clinical implications of this concept can be 
summarized as follows: 

e An increased ApCO,, may suggest that cardiac output 
is not high enough with respect to the global metabolic 
conditions 

e Under suspected hypoxic conditions (for instance with 
increased blood lactates), the presence of a high ApCO, 
could be one of the arguments that would incite the 
clinician to increase cardiac output in the attempt to 
reduce tissue hypoxia 

e Under aerobic conditions, the presence of a high ApCO, 
would mean that blood flow is not high enough, even if 
cardiac output is in the normal range. This condition 
can be associated with an increased oxygen demand 
and hence increased CO, production. However, whether 
further increasing cardiac output can prevent short- 
term subsequent risks of onset of tissue hypoxia actually 
remains to be proved 
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* Ina patient with a high-initial value of ApCO,, following 
the time-course of ApCO, can also be helpful to assess 
the global metabolic effects of a therapeutic intervention 
aiming at increasing cardiac output. Under conditions 
of oxygen supply-dependence, an increase in cardiac 
output must be accompanied by increases in vO, and in 
vCO, so that ApCO, is expected to decrease by a lesser 
extent than in the case of oxygen supply independence. 
Consequently; relatively unchanged ApCO, with therapy 
would not-mean that the therapy has failed. In this case, 
the therapeutic agent would be rather maintained and its 
dose even increased until obtaining a frank decrease in 
ApCO, that would indicate that the critical level of oxygen 
delivery has been actually overpassed 

e  Venous-to-arterial carbon dioxide difference can also be 
helpful to choose the appropriate dose of a therapeutic 
agent known to have thermogenic effects. For instance, 
catecholamines by their B-adrenergic stimulation may 
exert thermogenic effects and are, therefore, able to 
increase both vO,and vCO,.”* Accordingly, ApCO,—as 
an index of the vCO,/cardiac output ratio—was shown 
to detect changes in oxygen demand accompanying 

. dobutamine-induced changes in cardiac output? In 
this regard, ApCO, together with mixed venous oxygen 
saturation (SvO,)*? may help to titrate drug therapy. 


£i LIMITATIONS IN THE 


ES 


; INTERPRETATION OF VENOUS-TO- 

ij ARTERIAL CARBON DIOXIDE DIFFERENCE 

e Calculating vCO, by multiplying Cmv-aCO, with blood 
flow is only valid under steady-state conditions. If poorly 
perfused tissues regain flow, CO, stores are washed- 
out and calculated. CO, production is likely to be 
overestimated 

* The amount of anaerobically produced CO, is low 
compared to CO, produced under aerobic conditions. It 
is therefore be questioned whether such small amounts 
can increase the vCO, above vO,. For instance, when O, 
delivery (DO,) was stepwise reduced to 16% of baseline 
values in an in situ, vascularly isolated, innervated dog 
limb, vO, remained above vCO, despite continually 
increasing RQ.”° Admittedly, the hind limb vCO,/vO, 
relationship may not represent global RQ well 

e When blood flow is high, large changes in cardiac output 

will not result in significant changes in ApCO,, because 

of the curvilinearity of the relationship between CO, 

differences and cardiac output (Fig. 2). This point was 

illustrated in a series of patients with high-systemic blood 

flow but without evidence of tissue hypoxia and in whom 

significant changes in cardiac output were associated with 

ufichanged ApCO, values. Accordingly, interpretation of 

ApCO, changes (or of absence of ApCO, changes) must 


be particularly cautious under conditions of very high- 
systemic blood flow 


e It must be kept in mind that a normal ApCO, does not 
preclude inadequacy of blood flow with metabolic 
condition at a regional level, for instance in the splanchnic 
area, as demonstrated in an experimental study.” In 
septic shock patients with high-cardiac output (and hence 
presumably low ApCO,), inadequate splanchnic blood 
flow or increased difference between gastric mucosal and 
arterial pCO,*6 were reported. This point is of importance 
because gut mucosal ischemia could play a pivotal role in 
the development of multiple organ failure?" 

* There are numerous potential causes of errors of pCO, 
measurements: incorrect sample container, inadequate 
sample volume relative to anticoagulant volume, 
contaminated sample by air or venous blood or catheter 
fluid, improper transport conditions, length of the delay 
between acquisition and analysis, etc. Although all these 
potential errors may be prevented, there is still a proper 
instrument imprecision of +1 mmHg, even with the most 
recent models of blood gas analyzers.*® This range of 
error is relatively high as compared to the normal range 
of ApCO,. Therefore, clinicians must be very careful in 
the interpretation of low values of ApCO, and of small 
changes in ApCO,. 


i COMBINED ANALYSIS OF VENOUS-TO- 
& ARTERIAL CARBON DIOXIDE DIFFERENCE 
B AND OXYGEN-DERIVED PARAMETERS — 


In shock states, aerobically generated CO, detréases together 
with O, consumption (vO,). When vO, becomes dependent 
on DO,, CO, can be produced anaerobically mostly due 
to bicarbonate buffering of protons produced in excess 
secondary to the hydrolysis of ATP, so that vCO, can exceed 
vO,. It has been estimated that anaerobic ATP compensates 
approximately 6% of the accumulated O, debt.” Therefore, an 
RQ more than one may be interpreted as a sign of anaerobic 
metabolism, since it may indicate that more CO, is produced 
than O, is consumed (Fig. 3), although both are decreased. 
According to the Fick equation, vCO, equals the product of 
cardiac output by the difference between mixed venous and 
arterial CO, contents (Cmv-aCO,) whereas vO, equals the 
product of cardiac output by the difference between arterial 
and mixed vO, contents (Ca-mvO,) (Fig. 3). By eliminating 
the cardiac output value, which is common to the numerator 
and denominator of the RQ (Fig. 3) and taking pCO, as a 
surrogate of CO, content, an increased ratio between mixed 
venous-arterial pCO, difference and Cmv-aCO, (Pmv-aCO,/ 
Ca-mvO,) was shown to be a good indicator of anaerobiosis 
assessed by hyperlactemia.2? However, the relationship 
between CO, content and pCO, is curvilinear rather than 
linear and is influenced by the degree of metabolic acidosis, 
the hematocrit and the O, saturation. Ospina-Tascon 
et al demonstrated that a Cmv-aCO,/Ca-mvO, more 
than one predicts outcome early in septic shock, similar to 
increased arterial lactate concentration. Patients with both 


T 


Tissue 
hypoxia 
Aerobic 
VCO, ll 


VCO, + C nva C03 X cargige output 
VO, C, mvOz X cardi output 


Anaerobic 
VCO, 1 


Cor CO? 
CO: 


FIG. 3: In cases of shock states, tissue hypoxia results in decreased 
oxygen consumption (vO;) and aerobically generated carbon dioxide 
(CO;) production (vCO,). However, the global vCO, decreased to a 
lesser extent than vO, due to production of anaerobically generated 
CO,. Consequently, the vCO, over VO, ratio increases. Therefore, 
after elimination of cardiac output (present in both numerator and 
denominator), the difference between mixed venous and arterial CO, 
contents (Cmv-aCO,) over the difference between arterial and mixed 
vO, contents (Ca-mvO,) should increase in such hypoxic conditions 


an increased Cmv-aCO,/Ca-mvO, and lactate concentration 
6 hours after the study start had the highest mortality. The 
authors propose that the Cmv-aCO,/Ca-mvO, could become 
a resuscitation target.” 


CENTRAL VENOARTERIAL 
CARBON DIOXIDE DIFFERENCE 


The mixed venoarterial pCO, difference is determined by 
subtracting the peripheral arterial pCO, from the mixed 
venous pCO, [pulmonary artery (PA)]. Obtaining a mixed 
venoarterial (v-a) pCO, difference requires access to the PA 
circulation and thus has limitations similar to the pulmonary 
artery catheterization (PAC). Furthermore, if a PAC is in 
place, cardiac output can be obtained by thermodilution, and 
the clinical utility of an alternative method of measurement 
is diminished. In contrast, central venous (CV) access is 
more frequently and easily obtained, yet no direct measure 
of cardiac output can be calculated. The substitution of a 
CVpCO, for a mixed venous pCO, may yield a similar inverse 
relationship to cardiac output.*! Cuschieri J, et al. in there 
prospective cohort study on 83 critically ill patients had 
found that substitution of a central for a mixed venoarterial 
pCO, difference provides an accurate alternative method for 
calculation of cardiac output. 


& CONCLUSION 


While resuscitating patients with septic shock, ApCO, can 
be considered as a standard marker for the adequacy of 
cardiac output. Raised ApCO, can be a strong indicator for 
raising cardiac output, however, in the early stage of septic 
shock, when the patients have hyperdynamic circulation, 
ApCO, may not be high due to rapid clearance of CO, from 
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circulation. In such hyperdynamic conditions interpretation 
of ApCO, should be done with caution. 
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Heart-lung Interactions 


Suresh Ramasubban 


BINTRODUCTION . a e 
The mechanics of heart and lung are both driven by pressure 
and these two organs share space inthe thoracic cavity, so it is 
obvious that they will interact. This interaction is continuous, 
nonstop and occurs with every breath. The visceral pleura 
encase both the lungs and the parietal pleura lines the 
surface of the chest wall, mediastinum, heart, vena cava, and 
the aorta. Thus, all the structures are exposed to the pleural 
pressures (Pı). Hence, the pressure changes in the pleura 
with respiration will affect the mechanical performance of the 
heart. The interactions depend on the nature of ventilation, 
spontaneous or positive pressure, as the intrathoracic 
variations have a phase change with type of ventilation. Heart- 
lung interactions are defined as the effects of spontaneous 
and mechanical ventilation on the circulation. Stephen Hales 
first documented these cardiopulmonary interactions in 
1733, when he showed that blood pressure (BP) of healthy 
people fell during spontaneous inspiration. Heart-lung 
interactions are, therefore, responsible for cardiopulmonary 
homeostasis. During critical illness, these interactions are 
exaggerated either due to respiratory diseases or circulatory 
dysfunction. 

To understand these interactions one needs to review the 
mechanics of ventilation and the functioning of the heart, to 
one effect, i.e., generation of cardiac output (CO). Initially, 
we will look at heart-lung interactions in a spontaneously 
breathing situation followed by mechanical ventilation. 
Subsequently, relevant clinical scenarios. where these 
interactions play an important role will be discussed. 


4 VENTILATION 


Ventilation, which is defined as the bulk flow of gas from 
the atmosphere or ventilator into the lungs, has a distinct 
mechanics. Forthe bulkflow of gasto occur into and out ofthe 
lungs, the respiratory system expands above and then returns 
to its resting or equilibrium volume. There are two forces, 


which oppose this movement of the respiratory system and 
pressure is required to overcome these two forces. These two 
forces are the elastic recoil ofthe lungs and the viscous forces 
of the respiratory system. The negative pressure changes in 
the pleura cause spontaneous inspiration with delivery of 
volume into the lungs. Expiration is a passive process with 
return of pressures to their baseline values. Mechanical 
ventilation has a phase shift with increased P,,, generating 
tidal volumes during inspiration. 


Cardiac Output 
Cardiac output is equal to stroke volume (SV) times the heart 
rate (HR). 
CO zSVxHR 
Stroke volume is the amount of blood pumped out by the 


right and left ventricle (LV) in each beat. Stroke volume 
depends on preload, afterload, and contractility. 


Preload 


Theoretically, the length of the cardiac muscle fiber prior to 
contraction is the preload. Since, we cannot measure the load, 
we indirectly use the volume of blood in the ventricle prior to 
contraction as the preload, i.e., right- and left end-diastolic 
volume (RVEDV and LVEDV). According to Starling’s law, the 
force of contraction increases with LVEDV up till a particular 
point (Fig. 1). 

The preload is determined by three factors: 

1. The volume of blood received in the right and left atrium 
2. The time for ventricular filling, i.e. diastolictime | 

3. Compliance of the ventricles (diastolic dysfunction). 


Afterload 


This is the pressure generated by the LV and right ventricle 
(RV) to eject blood into the systemic and pulmonary 
circulation, respectively. The pulmonary circulation being 
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Cardiac output 


r 


Right atrial pressure 


FIG. 1: Cardiac function curve: According to starling's theory, the 
force of contraction and the cardiac output increases as the preload 
increases up to a certain point, where increase in right atrial pressure 
will not result in any further increase in cardiac output 
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FIG, 2: A series of cardiac function curves. These curves show the 
different response as contractility changes on the stroke volume with 
change in left ventricular end-diastolic volume 


a low-pressure circuit, the RV afterload is much lower as 
compared to the LV afterload. 


Contractility 


The native ability of the heart to generate pressure during 
systole refers to the contractile ability of the heart and any 
disease that damages the myocardium reduces it. The Starling 
curves of the heart changes with differences in contractility 
as shown in figure 2. 


ij SYSTEMIC AND PULMONARY CIRCULATIONS 


To understand the flow of blood in the systemic and 
pulmonary circulations, it is important to understand the 
circulatory system from a Guytonian physiology!? rather 


72 than from onlya Starling physiology,‘ as described above. The 


influence of the respiratory system on the circulatory system 
is much clearer to understand based on a combination of 
both these systems. 

Asimplified mechanical model of the systemic circulation 
as described by Fessler and depicted in figure 3 is used to 
explain the systemic circulation? The heart pumps blood 
into the arteries, which acts as a resistance, the blood then 
enters the capillaries and veins, lumped as reservoir with 
compliance, blood is then returned to the right atrium. The 
pressure at the outflow end of this venous reservoir is called 
mean systemic pressure (P...) or mean circulatory filling 
pressure (MCFP). The compliance of the systemic vessels 
and the volume of blood they contain determine P, This 
pressure is the average of the pressures throughout the 
systemic circulation -with contribution of each vascular 
segment weighted by its fraction of the total compliance of 
the systemiccirculation. Since most ofthe compliance resides 
in the low-pressure veins, P,,. is closer to central venous 
pressure (CVP) than to arterial pressure. Guyton determined 
the MCFP by stopping the circulation and using a pump to 
rapidly equilibrate the arterial and venous pressure. 

Blood flow to the reservoir thus requires the heart to 
contract, venous return occurs due to the small pressure 
gradient between MCFP and right atrial pressure (P,,). 
Cardiac output is thus determined not only by the function 
of the heart [cardiac response curve, (Fig. 1)] but also the 
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volume 
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P 


RV, right ventricle; LV, left ventricle; Ra, arterial resistance; Rv, venous 
resistance; P,,4, mean systemic pressure. 


svst 


FIG. 3: Simple model of the systemic circulation. The heart pumps 
blood through an arterial resistance into a reservoir. Pressure at the 
outlet of the reservoir is called mean systemic pressure, determined by 
the stressed volume and the compliance of the chamber. Total volume 
of the reservoir is the sum of stressed volume and unstressed volume. 
Venous return occurs passively, driven through the venous resistance 
by the pressure difference between mean systemic pressure and the 
right atrium 


im n 


P,,, right arterial pressure. 


FIG. 4: Venous return curve. Venous return depends on the pressure 
difference between the mean circulatory filling pressure and right 
atrial pressure. As right arterial pressure falls, the venous return 
increases up till a point where Pra becomes subatmospheric 


function of the circuit [venous return curves, (Fig. 4)]. Thus, 
to predict the effect of respiration on the CO one needs to 
take into consideration both the ability of the heart to pump 
blood and also the tendency for blood to return to the heart 
from the blood vessels. f 

The pulmonary circulation is functionally similar to 
the systemic circulation. The RV pumps blood into the 
pulmonary reservoir, from which blood drains passively 
through a venous resistance into the left atrium. 

Both the pulmonary and systemic venous resistance is 


very low and the entire CO is returned to the atriums by a very ~~ 


small pressure gradient of 5-10 mmHg. 

A slightly more complicated model of the circulation 
(Fig. 5) as described by Fessler is essential to understand 
heart-lung interactions. In this model, the heart and lungs are 
surrounded by P, and the pulmonary circulation is divided 
into alveolar vessels (surrounded by alveolar pressure) 
and extra-alveolar vessels (surrounded by Pps) which 
varies throughout the respiratory cycle. Intra-abdominal 
pressure increases with the diaphragm moving down during 
inspiration and comes back to baseline during expiration. 
The pressure in the periphery is unaffected by respiration 
and remains atmospheric throughout the respiratory cycle. 
Venous return to the right side of the heart is determined 
by the pressure gradient between the extrathoracic great 
veins and the right atrium and so will be affected by phase of 
respiration and type of ventilation. 


8 PLEURAL PRESSURE AND 
|THE CIRCULATORY SYSTEM" 


The mechanics of breathing impose some stresses on the 
surface of the heart, on the intrapulmonary vessels, on the 
ventricles due to expansion of the other ventricle, and on the 
abdominal vessels. The stresses on the surface of the heart 
and intrapulmonary vessels will be discussed here as these 
determine the heart-lung interactions. 
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Periphery 


IPV, intrapulmonary valve; Pam, atmospheric pressure; P,,, pleural pressure; 
EAV, extra-alveolar vessels; EGV, extrathoracic great veins. 


FIG. 5: Circulatory system model showing factors that affect venous 
return to the heart. Pleural pressures affect the heart and the extra- 
alveolar vessels. Peripheral circulation is unaffected by pleural 
pressures. Venous return depends on the pressure difference between 
the extrathoracic great veins and the right atrium 


Effect of Pleural Pressure on 
the Surface of the Heart 


Spontaneous inspiration leads to a decrease in P,,,while 
expiration leads to an increase in Py, while the changes are 
opposite during positive pressure ventilation (PPV) (Fig. 6). 


Spontaneous ventilation 
Inspiration Expiration: 


Positive pressure ventilation 


Inspiration 


Expiration 


P, pleural effusion. 


FIG. 6: Schematic representation of pleural pressure (Py) with 
respiration. The top panel shows P, decreasing during inspiration and 
increasing to baseline during spontaneous ventilation. The bottom 
panei shows the reverse with increase in P,, with inspiration and 
decreasing to baseline during expiration 
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Let us look at the effect of P, changes on the rightheart and 
left heart individually. The effects on the filling and emptying 
of the right side and left side will be analyzed separately. 


-Effect of Pleural Pressure on 
Right Heart Filling 


An increase in the P, will increase the pressure on the surface 
of the right heart and in turn will elevate P... Since P, is the 
downstream pressure for venous return, the increase in P,, 
will decrease venous return to the right side of the heart. 
Since, the entire pressure gradient for venous return is only 
5 mmHg, increase of P,, by this much would be fatal, if not 
for compensatory mechanisms. These mechanisms include 
activation of the sympathetic reflexes, fluid, and sodium 
retention that will elevate MCFP and diminish the fall in 
venous return. 

A decrease in Pot (spontaneous inspiration or expiration 
on PPV) will decrease P,,, which will increase venous return 
up till a maximum wherein P,, becomes subatmospheric. 
Thus, there is a venous flow limitation and exaggerated 
inspiratory efforts will not augment venous return. 


Effect of Pleural Pressure on Left Heart Filling 


If lung volumes remain constant, the change in P, is 
felt equally by the pulmonary vessels and the LV. As a 
consequence, there is no effect on the pressure gradient 
determining LV filling. 


Effect of Pleural Pressure on 
Left Heart Emptying 


Left ventricular afterload, which is defined as the pressure 
that the LV needs to generate to eject blood, is directly 
proporiional to the transmural LV pressure. Normally, the 
pressure ouiside the heart is near zero, it can be ignored. 
However, during disease states or PPV, P, can vary far from 
zero. As Py falls at constant arterial pressure, the heart must 
work harder to eject the blood. On the contrary, increase in 
Py will make it easier for the LV to pump as the transmural 
pressure falls with a positive P.. This is illustrated by the 
schematic in figure 7. 


# EFFECT OF RESPIRATION ON 

ÉINTRAPULMONARYVESSEIS.— — — 
Pleural pressure changes do not have any effect on the 
pulmonary vessels as both alveolar and P, change equally. 


However, lung inflation and the consequent volume changes 
of the lung affect the intrapulmonary vessels. As shown in 


figure 5, due to the differing pressures on their surface, intra 


alveolar and extra-alveolar vessels differ in their response 
to changes in lung volume. Extra-alveolar vessels enlarge 


74 with increasing lung volumes, decreasing their resistance 


TM: 140 mmHG 


TM, transmural pressure. 


TM: 60 mmHG 


FIG. 7: Schematic showing difference in transmural pressure (TM) 
with ventilation. Positive pressure ventilation decreases the TM across 
the left ventricle thereby decreasing left ventricle afterload with 
Positive pressure ventilation 
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PVR, pulmonary vascular resistance; FRC, functional residual capacity; TLC, 
total lung capacity. 


FIG. 8: Relationship between pulmonary vascular resistance (PVR) 
and lung volumes. Extra-alveolar vessels dilate with increasing lung 
volumes and alveolar vessels constrict and the net effect on PVR is an 
increase with increased lung volumes 


and increasing their capacitance. Intra-alveolar vessels are 
compressed with increasing lung volumes, the resultant effect 
depends on their position in the lungs, i.e., corresponding to 
lung west zones (Fig. 8). The combined effect of all the zones 
is a biphasic response of pulmonary vascular resistance 
(PVR) to lung inflation. At lung volumes below the functional 
residual capacity (FRC), inflation will decrease PVR and 
above FRC, PVR will increase with inflation up till total lung 
capacity (TLC). 
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g HEART-LUNG INTERACTIONS — 


‘fhe overall effect of spontaneous ventilation is to increase LV 
SV and CO, mostly through augmentation of venous return. 
Because of the transient fall in LV filling and SV, a small drop 
in BP normally occurs early in inspiration. Later in inspiration 
and expiration, the BP rises with increased LV preload and a 
drop in LV afterload (Fig. 9). 

Since the breaths on a ventilator are in opposite phase to 
that of spontaneous ventilation, the effects on CO and BP are 
reversed, so BP normally rises early in inspiration then falls 
before returning to its baseline level. 


B CLINICAL APPLICATIONS" 


The heart-lung interactions described above lead to either 
a transient effect or a steady state effect. Transient effects 
occur due to mechanical changes through a respiratory cycle 
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BP, blood pressure; LV, left ventricle; LVEDV, left ventricular end-diastolic 
volume; Py, pleural pressure. 


FIG. 9: Schematic showing hemodynamic changes during spon- 
taneous ventilation. Pleural pressure decreases during inspiration, 
venous return increase to the right side, left ventricular end-diastolic 
volume falls, left ventricular afterload increases with a resultant fall in 
blood pressure initially during inspiration, and rise during expiration 


or due to the effects of a respiratory maneuver. Steady state 
effects produce changes in CO or its distribution due to both 
mechanical and compensatory mechanisms. 


Transient Effects 
Pulsus Paradoxus 


‘The exaggerated fall in inspiratory pressures due to inspira- 
tion is pulsus paradoxus. It is associated with pericardial 
tamponade, severe asthma, and hypovolemia. The detection 
of hypovolemia using this phenomenon forms the basis for 
modern hemodynamic monitoring in critical care. 


Kussmaul's Sign 


The inspiratory increase in P „(reflected in the jugular venous 
pressure) is Kussmaul's sign. It is seen with constrictive 
pericarditis classically and in the critical care unit this is 
used to identify RV failure due to infarction or pulmonary 
embolism. 


Steady State Effects 
Positive End-expiratory Pressure 


Positive end-expiratory pressure (PEEP) generally decreases 


: CO and the cause of this decrease is mostly related to the 


increase in P,,, which decreases venous return. 


Continuous Positive Airway Pressure 


Increased CO or IV ejection fraction is reported when 
spontaneously breathing patient with congestive heart 
failure is placed on continuous positive airway pressure 
(CPAP). In acute cardiogenic pulmonary edema, use of CPAP 
instantaneously reduces preload and afterload, preventing 
intubations. 


Weaning from Mechanical Ventilation 


Changefrom a positive-pressurebreath to a negative-pressure 
breath during weaningresultsin changes in mean P, leading 
to increase in the venous return gradient and increase in LV 
afterload. Thus, weaning can be a cardiovascular challenge, 
especially for the failing heart and measures to relieve these 
stresses need to be undertaken to ensure successful weaning. 


E CONCLUSION 


The heart and the lung share a common accommodation, 
i.e., the thorax and hence are linked to each other and thus 
the heart-lung interactions are inevitable. These effects are 
exaggerated in disease and can be a useful clinical monitoring 
tool. Interventions like mechanical ventilation and PEEP are 
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additional situations wherein the heart-lung interactions 


become important. The use of the heart-lung interactions 
in a mechanically ventilated patient has laid the foundation 


-for modern hemodynamic monitoring. A systematic 


and physiological understanding of these interactions is 
necessary for the practice of critical care medicine. 
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High Flow Oxygen Therapy: 
Current Status 


Jose Chacko, Gagan Brar 


* INTRODUCTION 


Supplemental oxygen is usually administered through 
nasal prongs or different types of masks. Although effective 
in correcting hypoxemia, these devices have considerable 
limitations. Inability to deliver sufficient flows in dyspneic 
patients is a major drawback. In respiratory failure, peak 
inspiratory flows may vary between 30-120 L/min;' however, 
the maximum flow achievable through conventional devices 
is 15 L/min, resulting in significant mismatch. This leads 
to a variable entrainment of atmospheric air-and lack of 
control on the delivered fraction of inspired oxygen (FiO,). 
Bubble humidifiers are commonly employed to humidify 
supplemental oxygen; however, the absolute humidity 
imparted by this technique is relatively poor? Lack of 
adequate humidification of the inspired gas, delivered at less 
than optimal temperatures, leads to reduced water content 
of the mucus in the airways. This also reduces frequency of 
ciliary activity and slows down mucus clearance which may 
lead to inadequate clearing of secretions requiring increased 
physical effort to expel them.? This is a significant problem 
in respiratory failure, often characterized by excessive 
secretions. Since the initial report by Dewan et al., there has 
been a growing interest in delivering adequately heated and 
humidified oxygen at high flows through nasal cannulae 
(HENC).‘ Currently there are several commercially available 
devices that deliver up to 60 L/min of fully conditioned gas at 
a fixed FiO, (Fig. 1). The system has a built-in, integrated flow 
generator and an air-oxygen blender that generates a preset 
FiO,. Humidification occurs through a heated passover 
humidifier. The heated and humidified mixture flows through 
asingle limb corrugated tubing embedded with a heated wire 
that prevents loss of heat and condensation on its way to the 
patient end. The patient interface is a soft, wide bored nasal 
cannula that is capable of delivering a wide range of flows 
without gas jetting. 


FIG. 1: The high flow nasal cannula device 


4j SEARCH STRATEGY 


For this systematic review, the authors searched PubMed 
using the key phrase “high flow nasal cannula’, setting a 
filter for "clinical trials? The authors searched for additional 
articles on Embase, the Cochrane database of systematic 
reviews, and Google Scholar. Besides, reference lists of the 
retrieved articles and previous systematic reviews were 
searched manually. 


$ MECHANISM — 
Constant Fraction of Inspired Oxygen 


High flow nasal cannula delivers heated and humidified gas 
mixtures at flows up to 60 L/min, with FiO, ranging from 0.21 
to nearly 1.0. At flow rates that match the peak inspiratory flow 
rate of patients in acute respiratory failure, there is minimal 
entrainment of atmospheric air resulting in a constant, 
predictable FiO, 
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Carbon Dioxide Washout 


High gas flows lead to flush out of CO, from the nasopharynx, 
resulting in less rebreathing of dead space gas and better 
alveolar ventilation Moreover, by reducing the partial 
pressure of carbon dioxide in the inspired gas, it raises the 
FiO,* Improved alveolar ventilation may result in better 
sense of comfort and lower respiratory rate.’ 


Expiratory Pressures 


High flow nasal cannula results in generation of positive 
pressure in the airway in direct proportion to flow. With 
the mouth closed, end expiratory pressures of 7.4 cmH,0 
at flows of 60 L/min have been demonstrated in human 
volunteers.? In preoperative cardiac surgical patients, a mean 
end expiratory pressure of 2.7 cmH,0 was observed with the 
mouth closed at a flow of 35 L/min.? 

Low level positive end expiratory pressure (PEEP) 
generated by HFNC may generate alveolar recruitment and 
increase the end expiratory lung volume; this may be more 
pronounced in obese subjects.!° In healthy adults, HENC 
resulted in improved end expiratory lung volumes in both 
supine and prone positions, as reflected by change in end 
expiratory electrical impedence." 


Airway Resistance 


- ‘The supraglottic airway includes a large distensible area in 
the nasopharynx that offers resistance to airflow.!! Positive 
pressure during inspiration may splint the airways and 
thereby, reduce resistance to airflow. Besides, gas flows 
during inspiration that closely match peak inspiratory flow 
and may also contribute significantly to reduce inspiratory 
resistance. This might, in turn, help in decreasing the resistive 
work of breathing.'? 


Effects of Humidification 


Warming and humidification of inspired gas require 
approximately 156 calories/min at a tidal volume of 500 mL 
and respiratory rate of 12/min. Delivery of preconditioned 
'gas saves the energy expended in this manner and may 
significantly reduce the metabolic cost of breathing, and 
thereby, improve oxygenation." In addition, warming and 
humidification improve the subjective sense of comfort and 
reduces resistance to breathing. Humidification augments 
the aqueous content of the mucosal layer and consequently, 
improves ciliary activity and clearing of secretions.!^ 


High Flow Nasal Cannula in 
Acute Hypoxemic Respiratory Failure 


Initial studies of HFNC in acute hypoxemic respiratory 


80 failure revealed favorable changes in physiological end 


— ema aaea 


points such as oxygenation, respiratory rate, and degree 
of comfort.9/? The first large randomized controlled trial 
(RCT) that addressed key clinical end points in acute 
hypoxic respiratory failure was the high flow oxygen 
therapy for resuscitation of acute lung injury (FLORALI) 
study.!* In a three-pronged trial, HENC was compared with 
oxygen administration through a non-rebreather mask and 
noninvasive ventilation (NIV). There was no significant 
reduction in the need for endotracheal intubation and 
invasive ventilation with the use of HENC. The intubation 
rate was lower than assumed for power calculation and 
hence a type II error may be a possibility. A post hoc 
analysis revealed a significantly lower rate of endotracheal 
intubation in a subgroup of patients with PaO,/FiO, (P/F) 
ratios of less than 200. This raises the question whether 
more severely hypoxic patients might benefit with the use of 
HENC; however, this hypothesis needs to be addressed in an 
adequately powered, controlled trial. 90-day mortality was 
lower in the HENC group; however, this was a secondary end 
point, and hence, not powered to demonstrate a difference. 

In an RCT of postoperative cardiothoracic and vascular 
surgical patients in acute hypoxemic respiratory failure, 
HFNC was compared, with high flow oxygen through a 
face mask. Failure of therapy was defined as requirement 
for escalation of respiratory support within 24 hours of 
enrolment. Although HFNC resulted in fewer episodes of 
desaturation, there was no significant difference in the 
requirement for escalation to NIV between groups." 

High flow nasal cannula was used in patients with severe 
acute respiratory distress syndrome in a single-center obser- 
vational study. Intubation rate was 40% in this study; a higher 
simplified acute physiology score II, occurrence of additional 
organ failure, lower P/F ratio and higher respiratory rate were 
significantly associated with an HFNC failure.!? 

Concerns have been raised if persisting too long 
with HFNC might lead to adverse clinical outcomes. In 
a propensity matched retrospective study, patients who 
required endotracheal intubation after failure of HENC were 
analyzed. Earlier intubation, within 48 hours of HFNC use, 
was shown to be associated with significantly lower mortality 
compared to intubation after 48 hours.'? 


Post Extubation 


Alveolar collapse and impaired gas exchange is a common 
feature after extubation of critically ill patients. Intuitively, 
HENC with the ability to offer conditioned gases at a fixed, 
high FiO, might seem appealing in this situation. Earlier 
studies that primarily looked at physiological endpoints 
showed reductions in heart rate, respiratory rate, and 
dyspnea score,” but no difference in gas exchange?! In 
an RCT of 105 patients with a P/F ratio of less than 300 just 
prior to extubation, HFNC was compared with ventimask 
for 48 hours after extubation.!” Discomfort related to the 
interface and dryness was significantly lower with fewer 
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episodes of desaturation in the HFNC group. Need for support 
with NIV and endotracheal intubation was significantly less 
with HFNC use. More robust evidence is needed before firm 
recommendations can be made for the use of HENC in the 
post-extubation setting. 


High Flow Nasal Cannula in Obese Patients 


There is a sound physiological rationale behind the use of 
HENC in obese subjects. High flows through nasal cannulae 
may provide splinting of easily collapsible upper airways in 
the obese; besides, the continuous positive airway pressure 
generated may recruit collapsed alveoli, thus increasing the 
functional residual capacity and the end expiratory lung 
volume. The end expiratory lung volume has been shown 
to increase in obese postoperative cardiac surgical patients 
with HFNC use. However, extubation to HFNC compared to 
standard oxygen therapy did not result in any improvement 
in lung collapse, oxygenation, respiratory rate or degree 
of dyspnea, as reported by patients.'? Further studies are 
required with the use of HENC before any firm conclusion 
can be drawn in obese subjects. 


Palliative Care 


Noninvasive ventilation is commonly used in terminally 
ill patients to ease the subjective discomfort of dyspnea, 
However, this clearly impairs with communication and 
feeding. In a retrospective database analysis of 183 terminally 
ill cancer patients, HENC resulted in improvement (41%) or 
continued stability (44%). Median time spent on HENC was 
3 days (range: 1-27). High flows through nasal cannulae was 
also employed in 50 patients with do-not-intubate and do- 
not-resuscitate orders.? The diagnosis included pulmonary 
fibrosis, pneumonia, chronic obstructive pulmonary disease 
(COPD), cancer, hematological malignancy, and congestive 
cardiac failure. Significant improvement in oxygen saturation 
andtachypnea was observed with 18% of patients progressing 
to NIV. Available evidence suggests that HENC may be an 
appropriate therapy in terminally ill patients and has clear 
advantages over NIV in terms of retaining the ability to 
communicate and feeding. 


Prior to Endotracheal Intubation 


Significant hypoxia may ensue during attempts at intubation 
in critically ill patients.” Nonivasive ventilation may reduce 
the extent of desaturation and add to safety; however, 
_ interruption of mask application during intubation attempts 
may still lead to significant hypoxia. In a before-after study 
of over 800 patients, preoxygenation was compared between 
Oxygen administration through a nonrebreather mask 
versus HFNC.” Median lowest saturation was significantly 
higher with HFNC (100 vs. 94%); patients who received 
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nonrebreather mask had significantly more episodes of 
hypoxia (14 vs. 2%). Besides, on multivariate analysis, the use 
of HENC was an independent “protective factor" against the 
occurrence of severe hypoxemia. On the other hand, results 
of an RCT were contradictory.” Patients were randomized 
to receive "usual' preoxygenation, interrupted during 
laryngoscopy in the control arm, while uninterrupted HFNC 
at FiO, of 1.0 was administered in the intervention arm. There 
was no difference in the median lowest saturation, incidence 
of desaturation to <90%, 80%, or decrease by >3%. Duration 
of mechanical ventilation, ICU, and hospital stay were also 
similar between groups. Preoxygenation through bag and 
mask was compared with HFNC in another RCT. There 
was no difference in the primary outcome of lowest mean 
saturation between groups.” Clearly, no definite conclusions 
can be drawn regarding the efficacy of HENC as a method of 
preoxygenation. 


High Flow Nasal Cannula in Chronic 
Obstructive Airways Disease 


High flow nasal cannula has severa! putative effects that 
may benefit patients with chronic obstructive airways 
disease. These include carbon dioxide washout from the 
nasopharyngeal dead space, modest levels of extrinsic 
PEEP, and improved mucous clearance resulting from 


optimal humidification. In a randomized crossover trial of — 


30 males with COPD on long-term oxygen therapy, oxygen 
at 2-4 L/min through a nasal cannula was compared with 
HENC at a flow of 30 L/min.” In the HENC-treated subjects, 
transcutaneous CO, levels were significantly lower; tidal 
volume was higher with a lower respiratory rate; besides, 
there was a significant increase in the end expiratory lung 
volumes. These physiological benefits in patients on long- 
term oxygen therapy suggest possibility of improved clinical 
outcomes and need further research, especially in acute 
exacerbations of COPD. 


Bronchoscopy 


Bronchoscopy in acutely ill patients is often associated 
with significant desaturation, especially if bronchoalveolar 
lavage is performed.” Nonivasive ventilation has been 
successfully employed to ameliorate the drop in oxygen 


Saturation encountered during bronchoscopy.? In a three- 


pronged RCT, air entrainment mask at 40 L/min, HFNC at 
40 L/min, and HFNC at 60 L/min were compared as methods 
of supplemental oxygen during bronchoscopy. The PaO, 
levels, P/F ratios and oxygen saturation were better in the 
HFNC 60 L/min group, compared to air entrainment mask 
or HENC at 40 L/min. In another RCT, HENC was compared 
to NIV in patients with acute hypoxemic respiratory failure 


` undergoing flexible fiber optic bronchoscopy. Noninvasive 


application resulted in higher oxygen saturation before, 
during and after bronchoscopy. Available data do not support 


81 


82 


SECTION 2: Respiratory System 


the routine use of HFNC in critically ill patients requiring 
bronchoscopy. 


:: META-ANALYSIS 


The authors retrieved 43 articles in their initial PubMed 
search using the key phrase “high flow nasal cannula; with 
filter set for "clinical trials" Out of this, they identified eight 
RCTs.10163-37 An additional RCT was identified through 
manual search of reference lists from previously retrieved 
articles." The authors performed a meta-analysis of these 
nine RCTs published till search date (Table 1). The outcomes 
ofinterest were: (i) the rate of escalation of respiratory support 
by intubation or reintubation (following initial extubation), 
or requirement for NIV support, as rescue therapy following 
initial use of HENC and (ii) mortality at any reported time 
point. Studies were included if HENC was compared with any 
form of conventional oxygen therapy device or NIV. 

Nine articles provided data on intubation rates, 973137 
and three on mortality.93255 Eight studies compared HFNC 
to standard oxygen therapy;016173,323536 one of these 
compared HFNC with standard oxygen therapy and NIV in 
a three-armed ttial.!ê In another study, HENC was compared 
to NIV in patients who failed a spontaneous breathing trial 


TABLE 1 Summary of studies included in the meta-analysis 


Setting 


Author, year 


$ Comparator- y 


or failed extubation after cardiothoracic surgery.™ Pooled 
analysis revealed a significantly lower rate of escalation of 
respiratory support with the use of HENC [odds ratio (OR) 
= 0.52; confidence interval (CI) 0.32-0.84; p = 0.008; p for 
heterogeneity = 0.005, I? = 64%] (Fig. 2). 

Three studies reported mortality rates'®*’*° and two 
reported hospital mortality.” One study reported 90-day 
mortality. On pooled analysis, there was no significant 
difference in mortality between HENC and standard oxygen 
therapy (OR = 0.72; CI 0.42-1.24; p = 0.24; p for heterogeneity 
= 0.26, = 26) (Fig. 3). 


CONCLUSION 


Fully humidified, warmed gas at a fixed FiO, can be 
delivered through HENC. Apart from its putative beneficial 
physiological effects, it may also lead to improved clinical 
outcomes. Evidence suggests that it may help to reduce the 
rate of escalation of respiratory support in acute hypoxemic 
respiratory failure, especially in patients with low P/F 
ratios. As with NIV, persistence for too long may lead to 
delay in intubation and adverse clinical outcomes. High 
flows through nasal cannulae may have a role in patients at 
risk of reintubation and in those with a failed spontaneous 
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Experimenta! Control Odds ratio 
Study or subgroup Events Total Events Total Weight | M-H, Random, 95% CI 
Bell 2 48 4 48 5.7% 0.48 (0.08, 2.74) 
Corley 3 81 5 74 7.2% — 0.53(0.12, 2.30) 
Frat 40 106 44 94 16.4% 0.69 (0.39, 1.21) 
Hemandez 13 264 32 263 15.1% 0.37 (0.19, 0.73) 
Jones 6 165 10 138 10.1% 0.48 (0.37, 1.36) 
Lemiale 8 52 4 48 86% 2.00 (0.56. 7.13) 
Maggiore 4 53 19 52 95% 0.14 (0.04,0.45) ———— 
Park 3 29 12 27 7.6% 0.14 (0.04, 0.59) ———— — 
Stephan 87 (414 91 416 19.2% 0.95 (0.68, 1.32) 
Total (95% Cl) 1,212 1,160 100.0% 0.52 (0.32, 0.84) 
Total events 166 221 


Heterogeneity: Tau’ = 0.29; Chi^- 22.06, df = 8(p = 0.005); I” = 64% 


Test for overall effect: Z = 2.65 (p = 0.008) 


HFNC, high flow nasal cannula; Cl, confidence interval; M-H, Mante!-Haenszel. 
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FIG. 2: Requirement for escalation of respiratory support: high flow nasal cannula versus standard oxygen therapy 


HFNC Control 
8t events Total events Total Weight M-H, random, 95% CI 
Frat 13 106 22 94 16.4% 
Hemandez 10 264 13 263 15.1% 
Jones 15 165 11 138 10.1% 
Total (9596 C1) 535 495 100.0% 
Total events 38 46 


Odds ratio 
0.46 (0.22, 0.97) 
0.76 (0.33, 1.76) 
1.15 (0.51, 2.60) 


0.72 (0.72, 1.24) 


Heterogeneity: Tau’ = 0.06; Chi » 2.71, df= 2 (p = 0.26); i^ = 26% 


Test for overall effect: Z = 1.18 (p = 0.24) 


HFNC, high flow nasal cannula; Cl, confidence interval; M-H, Mantel-Haenszel. 


Odds ratio 
M-H, Random, 95% CI 


0.01 


0.1 1 
Favors (HFNC) 


10 
Favors (control) 


100 


FIG. 3: Mortality at any reported time point: high flow nasal cannula versus standard oxygen therapy 


breathing trial prior to extubation. It may be a valuable 
adjunct in terminally ill patients as part of palliative care— 
with the obvious advantages of better comfort and ability to 
communicate compared to NIV. HENC may also reduce the 
incidence desaturation during bronchoscopy in critically ill 
patients. The use of HFNC cannula may maintain oxygen 
saturation and protect against hypoxic episodes better 
compared to conventional methods of preoxygenation prior 
to intubation. Efficacy in morbidly obese patients needs 
further evaluation. Although intuitively beneficial in acute 
exacerbations of COPD, controlled studies are required to 
substantiate this. 
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Oxygen Reserve Index 


Subhash Todi 


INTRODUCTION 


In spite of universal availability, miniaturization, and use 
of pulse oximetry in all healthcare delivery situations, 
unanticipated hypoxemia is not very infrequent even in 
patients on supplemental oxygen. These situations are 
common, especially in postoperative recovery room, certain 
surgeries like bariatric surgery, transporting critically ill 
patient, and in intensive care unit. Patients in extremes of 
age, compromised lung function, and multiple comorbidities 
are-also prone to these complications. The response to 
this unanticipated hypoxia is to increase the inspired 
oxygen concentration, but single or repeated episodes of 
unanticipated hypoxia even for a brief duration may be 
detrimental to patients with compromised organ function and 
may have short- or long-term consequences. A technology 
which will alert physicians of impending hypoxia, especially 
who are on supplemental oxygen, will be immensely helpful 
in these clinical situations. 

The pulse oximeter as is currently used in clinical practice 
has revolutionized the practice of clinical medicine and is 
regarded as the fifth vital sign. There are certain inherent 
limitations of the current technology of pulse oximetry. 
Firstly, it is inaccurate at the lower end of oxygen saturation, 
below 80% arterial oxygenation (PaO,) cannot be reliably 
predicted at this range. On the other hand, due to the sigmoid 
Shape of oxygen dissociation curve, the arterial oxygen 
saturation measured by pulse oximetry (SpO,) reads 100% at 
a PaO, of 100 mmHg and cannot reflect oxygenation status 
beyond this point as the dissociation curve flattens out. Any 
further increase in PaO, cannot be monitored by the present 
generation of oximeters. 

There is a clinical need in some circumstances (Box 1) 
for monitoring PaO, between 100 and 200 mmHg where 
the current pulse oximetry is not useful as it will show a 
Saturation of 99-100% whether PaO, is 100 or 200 mmHg. A 
fall of PaO, from 200 to 100 mmHg will not be reflected by 
the current pulse oximeters. Oxygen reserve index (ORI) is 


Box 1: Clinical situations where oxygen reserve index 

assessment will be helpful 

Preoxygenation 

© During rapid sequence intubation 

© In critically ill patients with compromised lung function . 

© Prior to intubation in patients on noninvasive ventilation 

© Patients at risk for prolonged intubation time due to difficult 
airway 

Early warning of hypoxemia 

© In patients on supplemental oxygenation 


back surgery 
o During recruitment maneuvers 
© During endotracheal suctioning 
Hypoxemia due to carbon dioxide retention 


© In patients on supplemental oxygen with obstructive airway 
disease 


Avoid hyperoxemia 

© Post cardiac arrest 

© Acute respiratory distress syndrome 
Permissive hyperoxemia 


© In severe anemia 
© Septic shock 


a novel concept that will warn the physician of impending 
hypoxemia or a hyperoxic state. 


fl CLINICAL SITUATIONS WHERE 
lj OXYGEN RESERVE INDEX MAY BE HELPFUL 


Preoxygenation 


Intubation is usually-a lengthy procedure in intensive care 
unit (ICU) with a potential risk of desaturation during 
the procedure. Even a brief period of desaturation may 
be detrimental in critically ill patient with compromised 
cardiorespiratory status. In these patients who are usually 


o Intraoperatively in bariatric, orthopedic (during cementing), or | 
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hypoxemic to begin with, oxygen reserves are not sufficient 
to cover the lengthy duration of intubation. Preoxygenation 
has become routine as an intubation protocol in ICU.! This 
can be achieved by administering near 100% oxygen from 
a nonrebreathing face mask and spontaneous breathing, 
manual bag mask ventilation by 10096 oxygen or noninvasive 
ventilation. The aim is to create an oxygen buffer zone and to 
keep arterial PaO, above 150 mmHg to prevent unanticipated 
hypoxia. Duration of apnea without desaturation is more 
common in obese, pregnant, and patients with increased 
metabolism. Time of drop of SpO, below 9096 (tolerable apnea 
time) can beextended up to almost 10 minutes after 3 minutes 
of classic preoxygenation by attaining a supranormal arterial 
oxygenation during preoxygenation procedure. This provides 
valuable additional time to secure the airway and make the 
intubation procedure safer.” 

Inadequate preoxygenation, defined as expired oxygen 
fraction (FeO,) above 90% is disappointingly common in 
clinical practice. In a prospective study of 1,050 consecutive 
preoperative patients in whom  preoxygenation was 
performed for 3 minutes with a facial mask, inadequate 
preoxygenation was observed in 56% of patients. The 
independent risk factors for inadequate preoxygenation were 
similar to those previously identified for difficult face mask 
ventilation? 

In clinical practice, it is difficult to measure FeO, to 
ascertain adequacy of preoxygenation and one has to rely 
on a conventional pulse oximetry reading of 100% saturation 
as a surrogate. This strategy might miss those patients who 
are in the range of 100-150 mmHg of arterial PaO, showing 
100% SpO, on the conventional pulse oximetry and are still 
at risk for hypoxemia during prolonged intubation process 
due to lack of oxygen buffer. A noninvasive technology, like 
ORI, to ascertain PaO, in the range of 150-250 mmHg to 
ensure adequate oxygen buffer prior to intubation especially 
in at risk patient population, will be immensely helpful to 
practitioners. 

Other clinical situations where measuring ORI will 
be helpful as a marker of adequate preoxygenation will 
be emergency rapid sequence intubation and prior to 
endotracheal suctioning in mechanically ventilated patient.’ 


Early Warning of Impending Hypoxemia 


In acutely ill patient with compromised lung function, it is 
advisable to keep SpO, around 95% reflecting a PaO, of 60 
mmHg, so that any further deterioration in oxygenation may 
be detected rapidly by a fall of SpO, as this value of PaO, is at 
the “desaturation cliff” of oxyhemoglobin dissociation curve. 
This strategy have a downside as there is no oxygen buffer 
and any further deterioration of lung function will expose 
the patient to hypoxia before correctable measures are taken. 
On the other hand, keeping a SpO, of 98% and above may 
not reflect deteriorating oxygenation status, though still 


in the normal range as example from 200 to 100 mmHg, as 
conventional pulse oximeter will continue to show adequate 
saturation above 98% during this time. A noninvasive 
technology that could give an indication of the fall of PaO, 
while still in the normal range would be useful in clinical 
practice. 

Another clinical situation where early warning of 
impending hypoxemia may be helpful is in intraoperative 
settings where certain maneuvers, like cementing during 
orthopedic procedures, body positioning for back surgery, 
etc., may be associated with sudden ventilation perfusion 
mismatch and hypoxia. A priori knowledge of oxygen buffer 
in these situations and adequate preoxygenation may avoid 
these inadvertent hypoxemic episodes. 

Oxygen reserve index may also help during recruitment 
maneuver or positive end-expiratory pressure titration, 
where once oxygen saturation has reached the upper limit, 
further improvement in the oxygenation can only be noted 
by repeated arterial blood gas analysis. Similarly, improving 
respiratory status in acute respiratory distress syndrome 
(ARDS) can also be identified early with this technique once 
the oxygen saturation reaches high normal values, allowing 
early downward titration of FiO,. 


Hypoventilation on Supplemental Oxygen 


Another potential limitation of conventional pulse 
oximetry in patients on supplemental oxygenation is 
detecting hypoventilation with carbon dioxide (CO,) 
retention which can occur during recovery from anesthesia, 
procedural sedation, opioid analgesic use, etc. In these 
circumstances of hypercapnic respiratory compromise, the 
SpO, will continue to show above 98% as the patient is on 
supplemental oxygen though arterial PaO, will decline from 
200 mmHg downwards due to alveolar CO, accumulation at 
the cost of decreasing alveolar oxygen content.° A technology 
which can preempt falling arterial oxygen in these clinical 
situations may prompt an arterial blood gas analysis to rule 
out hypercapnia as a primary cause of hypoxemia, and not 
supplemental oxygen but proper ventilation as the adequate 
remedy may be instituted. 


Hyperoxemia Detection 


Traditionally, hypoxia has been the main target of oxygen 
resuscitation and application of supplemental oxygen is 
ubiquitous in hospitalized patients even if they are normoxic. 
Excess of oxygen may have deleterious effect through the 
formation of reactive oxygen species and oxygen free radicals 
within mitochondria which are cytotoxic. In a multicenter 
cohort study of 6,326 nontraumatic cardiac arrest patients, 
hyperoxia (PaO, >300 mmHg) on arrival to ICU had a 
significantly higher inhospital mortality of 63%, compared 
with the hypoxia group (PaO, «60 mmHg or PaO,/FiO, ratio 
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of «300 mmHg) of 57% and normoxia group of 45%.° The 
hypothesis being that ischemia reperfusion injury promotes 
formation of reactive oxygen species in presence of hypoxia 
which is injurious to tissues. In experimental models of the 
ARDS, susceptibility to oxygen toxicity is increased due to 
coexisting lung inflammation. In these situations, aiming for 
normoxia may lead to inadvertent high oxygen exposure to 
the lung with consequent deleterious effects." Critical care 
and anesthesia literature have also recently highlighted these 
deleterious effects of hyperoxia.? Due to these observations, 
current guidelines recommend to keep SpO, around 92% 
using the lowest FiO, possible.? 

Contrary to the above recommendations, there are also 
observations that target oxygen should be in the higher 
range as a strategy to improve long-term neurocognitive 
and physical deconditioning outcome of ARDS survivors.!° 
Hyperoxia has also been described to be beneficial in 
patients with severe anemia and in septic shock to improve 
the oxygen delivery for better tissue oxygenation.) 

Thus, there are conflicting results in the literature 
regarding the right level of desired arterial oxygen level. 
In clinical practice, clinicians tend to err on the side of safety 
and provide more oxygen than necessary. In a retrospective 
database analysis of 1,226,778 arterial blood gas tests from 
5,498 mechanically ventilated patients, PaO, was above 
120 mmHg in 22% of observations while FiO, was decreased 
in only 25% of these patients. Moreover, hyperoxia was 
accepted-without adjustment in ventilator settings if FiO, was 
0.4 or lower.!® 

In the above circumstances, having a continuous 
noninvasive measurement of oxygenation in the hypoxic, 
normoxic, and hyperoxic range is highly desirable to fine 
tune the delivered oxygen level and individualize patient 
management. In. clinical situations where inadvertent 
hypoxemia needs to be avoided, keeping an ORI of 1 will be 
helpful. On the other hand, where hyperoxemia needs to 
be avoided, ORI should be kept below 0.5. This tool is likely 
to become a useful adjunct to pulse oximetry which can be 
utilized in various clinical scenarios as mentioned above. 


= TECHNOLOGY = 


Using seven infrared wavelengths of light and calculating 
differential absorption and optically detecting changes in 
mixed venous oxygen saturation (SvO,) after arterial oxygen 
saturation (SaO,) has saturated to the maximum is a novel 
pulse oximeter-based nondimensional index that ranges 
from 1 to 0 as PaO, decreases from about 200 to 80 mmHg. 
A value of ORI of 0.3 has a sensitivity of 80% and specificity 
of 85% to detect PaO, of 150 mmHg. Decreases in ORI to 
near 0.24 may provide advance indication of falling PaO, 
approaching 100 mmHg when SpO, is above 98%. A good 
oxygen reserve is indicated by an ORI 0.8 or above reflecting 
a PaO, of 200 mmHg?* (Table 1). 


Relationship of oxygen reserve index and arterial 
partial pressure of oxygen 


ORI ' PaO (mmHg) | SpO,(%) 


; >0.24 >100 >98 
EL - >150 : 100 


TABLE 1 


ORI, oxygen reserve index; PaO, arterial partial pressure of oxygen; SpO;, 
arterial oxygen saturation measured by pulse oximetry 


‘= CLINICAL STUDIES 


Ina study conducted in 25 pediatric elective surgical patients 
during induction of anesthesia after preoxygenation, 
induction of anesthesia, and endotracheal intubation, the 
anesthesia circuit.was disconnected and oxygen saturation 
was allowed to decrease to 90% before recommencing 
ventilation. The ORI and SpO, values were recorded at the 
beginning of apnea, beginning and end of endotracheal 
intubation, beginning and end of the ORI alarm, and 
2 minutes after reoxygenation. During apnea, the ORI 


progressively decreased over a mean of 5.9 + 3.1 minutes 


from 0.73 + 0.16 at the beginning of apnea to 0.37 + 0.11. 
The SpO, rernained 100% throughout this initial period. The 
ORI alarm activation was associated with oxygen saturation 
decrease to 98% in median of 31.5 seconds (interquartile 
range, 19-34.3 s). The conclusion from this pilot study was 
that ORI detected impending desaturation in median of 31.5 
seconds (interquartile range, 19-34.3 s) before noticeable 
changes in SpO, occurred. This might represent a clinically 
important warning time, which will give clinicians time for 
corrective actions.’ 

In another study of 106 adult patients undergoing 
elective surgery, ORI with PaO, were measured serially 
and regression analysis was performed for ORI values 
corresponding to PaO, of 100 and 150 mmHg. Regression 
analysis showed that the ORI to PaO, relationship was more 
stronger for PaO, till 240 mmHg (r = 0.536) than for PaO, over 
240 mmHg (r = 0.0016). Measured PaO2 was 2100 mmHg for 
all ORI over 0.24. Measured PaO, was 2150 mmHg in 96.6% of 
samples when ORI was over 0.55. These findings suggest that 
ORI above 0.24 can distinguish PaO, 2100 mmHg when SpO, 
is over 98% and ORI above 0.55 appears to be a threshold to 
distinguish PaO, 2150 mmHg. The other way oflooking at this 
data is decreases in ORI to near 0.24 may provide advance 
indication of falling PaO, approaching 100 mmHg when SpO, 
is above 98%. A prospective study was proposed to observe 
the clinical utility of interventions based on continuous ORI 
monitoring.? 


Z CONCLUSION. — 


Oxygen reserve index is a reliable indicator for assessing 
PaO, in the range of 100-200 mmHg. This assessment is 
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also serve as.an early warning of impending hypoxemia 
(«100 mmHg) where the conventional pulse oximetry is not 
useful. Judicious use of ORI in patients on supplemental 
oxygen will be an useful adjunct to conventional pulse 
oximetry for noninvasive continuous monitoring of oxygen 
status. It will also avoid the need for repeated arterial blood 
gas analysis in situations where arterial oxygen status above 
100 mmHg needs to be ascertained. 
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End-tidal Carbon Dioxide: 
What's New? 


Atul P Kulkarni, Harish M Maheshwarappa 


BINTRODUCTION. —  — 
Capnography refers to the measurement and display of 
carbon dioxide (CO,) concentrations in respiratory gases. 
From 1990 onwards, there is a broad appreciation of its value 
in ensuring proper endotracheal tube (ETT) placement; it 
is also used to guide tidal volume and rate settings during 
mechanical ventilation. However, capnogram gives more 
information than is generally appreciated. A full appreciation 
of capnography is based on the physiology of CO, exchange 
inthelung!: |^ 8 


Measurement of fraction of end-tidal CO, in the expired 
air at the airway opening is referred to as capnometry. The 
graphic representation and display of this measurement over 
time is referred to as capnography. Infrared light absorption 
or mass spectrometry technology both of which is reliable 
and relatively accurate is utilized for these measurements. 
Sampling techniques of expired air which are used for 
these measurements are either mainstream or sidestream 
sampling. An airway adaptor cuvette that incorporates an 
infrared light source and CO, sensor is attached in-line and 
dose to the ETT in the mainstream sampling. A T-piece 
adapter is placed at the airway opening, through which 
expired air is continually aspirated for analysis in sidestream 
sampling? 


@ CURRENT CLINICAL APPLICATIONS. — 


Capnography and Cardiac Output 


It has been shown that end-tidal carbon dioxide (EtCO,) 
values change with return of spontaneous circulation 
(ROSC) postcardiac arrest, during passive leg raising 
(PLR) and in many shock states. Short-term studies have 


shown a direct relationship between cardiac output and 
time capnography. These changes may not be always 
consistent, because in steady state, the volume of CO, 
exhaled through the lungs must equal that produced in the 
tissues metabolically, regardless of cardiac output. Cardiac 
output largely affects EtCO, only in dynamic situations, not 
when the circulation is stable.? The appearance of a direct 
relationship between cardiac output and EtCO, relates to 
nonsteady-state conditions combined with the fact that the 
body can store large amounts of CO,. For example, if cardiac 
output is reduced through hemorrhagic shock, EtCO, falls 
transiently as less CO, returns to the lungs. 

As the cardiac output falls, tissue and venous partial 
pressure of CO, (PCO,) rise, ultimately, restoring the total 
volume of CO, reaching the lungs and balancing metabolic 
production with excretion. Because a large amount of CO, 
can be stored in the body as tissue CO, rises, equilibrium will 
not be reached quickly. In addition, many interventions to 
change cardiac output also change dead space (for example, 
by raising or lowering left atrial pressure). Although EtCO, 
does not reflect cardiac output directly, by signaling changes, 
ithas great value during resuscitation and when judging fluid 
responsiveness. 


Adjusting Ventilatory Settings 


Time capnography offers an attractive alternative to arterial 
blood gas analysis because it is continuous and noninvasive 
in adjusting ventilator settings. End-tidal CO, values may 
exceed partial arterial pressure of CO, (PaCO,) or be much 
lower? When ventilator settings are adjusted, the changes in 
EtCO, and PaCO, are poorly related, even moving in opposite 
directions. 

This is not surprising when all of the determinants 
of EtCO, are considered. For example, augmenting the 
ventilator rate or tidal volume should lower both EtCO, 
(because it tends to raise the ratio of alveolar ventilation to 
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CO, production) and PaCO,, but if the dead space fraction 
rises, EtCO, may fall while PaCO, rises. As positive end- 
expiratory pressure affects alveolar dead space, its value 
affects the capnogram; moreover, these effects have been 
used to guide positive end-expiratory pressure levels in acute 
respiratory distress syndrome. These data show that relying 
on EtCO, as a surrogate.for PaCO, may lead to serious error. 

Nevertheless, whereas ventilator waveforms offer 
similar monitoring, capnography remains important during 
mechanical ventilation to ensure airway patency and detect 
dislodgment or disconnection of the ETT.‘ It probably has a 
more important role during patient transport when the risk 
of ETT migration is even higher. 


Detecting Pulmonary Embolus 


Pulmonary embolism (PE) remains a diagnostic challenge 
in the intensive care unit (ICU). Risks involved in transport 
and risk of acute kidney injury make computed tomography 
(CT) angiography a cumbersome screening test in critically 
ill patients. Pulmonary embolism compromises perfusion 
of the affected alveoli with much less impact on ventilation, 
which suggests that capnography could be diagnostically 
useful. f 

Based on the physiological changes, one would expect PE 
to: (i) raise the alveolar dead space (and thus, the physiologic 
and alveolar dead space fractions), (ii) lower the expired CO, 
value throughout phase III and widen any gradient between 
PaCO, and EtCO, (since gas expired from high-V/Q alveoli 
has little CO; ), and (iii) not raise the phase III slope [perhaps 
allowing distinction from chronic obstructive pulmonary 
disease (COPD) and other airway diseases with marked V/Q 
heterogeneity]. 

The diagnostic use of capnography for suspected PE 
has several limitations. First, most clinical data pertain to 
volume capnography; time capnography does not gives idea 
about dead space. Secondly, PE may perturb the circulation, 
causing changes in CO, delivery to the lung that invalidate the 
assumption of steady state. Thirdly, most studies have been 
conducted on stable patients in the emergency department 
(ED) rather than those who were mechanically ventilated in 
an ICU. 

Finally, since changes in ventilator settings or patient 
ventilator interaction can change the capnographic wave- 
form, artifacts of care must not be confused with signals of 
pathology. Nevertheless, capnogram may provide supportive 
clues to potentiate the suspicion of PE, especially when 
clubbed with D-dimer value. 


Indicator of Thrombolysis in Massive Embolism 


During thrombolysis, increase in pulmonary perfusion 
causes the decrease in the P(a-Et)CO, and there will be 
recovery of right ventricular function. These results were 
interpreted as a successful thrombolysis.® 


Obstructive Lung Diseases 


Obstructive lung diseases are characterized by widely 
varying V/Q ratios, producing typical capnographic 
signatures. The phase II transition from anatomic dead 
space to alveolar gas is blurred by the early contribution 
from high V/Q units (with low PaCO,), which tends to 
reduce the steepness of its rise. 

During phase III, units with varying V/Q ratios continue 
to empty in desynchronized fashion (higher V/Q regions that 
have lower PaCO, contribute more earlier, whereas lower 
V/Q regions with higher PaCO, dominate later), amplifying 
the rise of the plateau phase. This combination causes the 
alpha angle between phases Il and III to increase." In severely 
obstructive diseases, the capnogram assumes a shark-fin 
appearance. The steeper phase III also causes the end-tidal 
value to depend more strongly on expiratory time. Combined 
with the anatomic dead space inherent in emphysema, this 
feature causes marked discrepancies between end-tidal and 
arterial PCO, values. 

These qualitative features of obstructive diseases on 
time capnography correspond to quantitative aspects on 
volume capnography. An increased phase III slope has been 
demonstrated in most diseases with airflow obstruction 
(COPD, asthma, and bronchiectasis). The degree of slope 
correlates with the severity of airflow obstruction measured 
by spirometry and the degree of emphysema seen on chest 
CT images.? 

Automated analysis of multiple capnographic indices 
may increase the sensitivity and specificity for diagnosing 
obstructive lung disease. A combination of exhalation 
duration, EtCO,, end-exhalation slope, and time spent at 
EtCO, succeeds in distinguishing patients with COPD from 
those with congestive heart failure. End tidal CO, may 
differ markedly from the simultaneous PaCO,, especially in 
patients who have obstructive disease and this is true when 
patients are stable or are experiencing an exacerbation. 

Slow, forced maximal expiration can produce a much 
better correlation between EtCO, and PaCO,, but this 
procedure is not practical in critically ill patients? In some 
patients with COPD who receive mechanical ventilation, the 
difference between EtCO, and PaCO, can exceed 40 mmHg, 
which emphasizes the serious errors that can be made in 
drawing inferences about the adequacy of ventilation based 
on EtCO, values. 


Capnography during Nonsteady-state 
Conditions-Cardiopulmonary Resuscitation 


During cardiac arrest, capnography signifies increasing 
pulmonary blood flow and thus the adequacy of chest 
compressions. An EtCO, value of <10 mmHg after 20 minutes 
of cardiopulmonary resuscitation (CPR) is associated with 
very high mortality. Similarly, if EtCO, is persistently low, the 
patient is unlikely to have ROSC.? 
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A drop in EtCO, can indicate rescuer fatigue or an 
inappropriate chest compression rate or depth. Cardio- 
pulmonary resuscitation is frequently interrupted to 
examine the patient for a return of pulse and to analyze the 
rhythm. Such interruptions are known to be detrimental, 
as they dissipate the coronary perfusion pressure that is 
critical to successful resuscitation. With capnography, 
interruptions can be eliminated because ROSC and a rise 
in cardiac output will be signaled by a sharp rise in EtCO,. 
Since time capnography is currently available on most 
defibrillators and in the ICU, it is time to integrate our 
understanding of capnographic physiology into the realm 
of resuscitation.!? 


Predicting Fluid Responsiveness 


There is increasing recognition that many patients in 
shock fail to respond to a fluid bolus. Since empirical fluid 
administration may be harmful, current practice emphasizes 
prediction of fluid responsiveness to guide therapy. Passive 
leg raising is a highly sensitive and specific indicator of 
subsequent fluid response, but it depends on some measure 
of effect, typically real-time echocardiography. End tidal 
CO, has been shown to provide a technically simpler 
alternative in patients who are mechanically ventilated 
without respiratory effort. In patients who are responsive to 
fluids, EtCO, rises by at least 5% with PLR, outperforming 
- changes in arterial pulse pressure as a clinically useful 
predictor." 


Procedural Sedation 


Sedation and analgesia are increasingly administered by 
nonanesthesiologists for endoscopy, bronchoscopy, and 
other procedures. Moderate sedation frequently progresses 
inadvertently to deeper sedation and can lead to hypo- 
ventilation or apnea, airway obstruction or laryngospasm, 
and hypoxemia, especially in obese people or in patients 
with sleep apnea. Sedatives and analgesics can precipitate 
these complications, all of which have distinct capnographic 
findings. Several studies show that capnography is more 
sensitive than clinical monitoring, oximetry, or visual 
assessment in detecting respiratory depression in patients 
receiving moderate procedural sedation.’ 


Use of Capnometry to 
Verify Feeding Tube Placement 


A study was conducted on 53 mechanically ventilated 
patient on enteral feed to validate the use of capnometry to 
confirm appropriate tube placement. The feeding tube was 
initially inserted to 30 cm length and the EtCO, detector 
was attached to the proximal end of the feeding tube. After a 
minute, any change in color was observed. If the placement 


was appropriate, the color remained purple but changed 
to tan or yellow if CO, was detected, interpreted as airway 
placement. An X-ray was then done to verify the position. 
The feeding tube was then advanced to the gastric position 
and subsequently confirmed by X-ray." Carbon dioxide was 
not detected in 52 out of 53 patients and all of them were 
verified to be in correct position by X-ray, so the technique 
was 100% specific. One placement out of the 53 was found 
to be in the trachea by X-ray and it was appropriately 
detected by color change thereby indicating no false 
negatives. To verify the sensitivity of this method, feeding 
tube was placed in trachea through ETT in 220 patients. 
In all 20 cases, CO, was detected thereby indicating 100% 
sensitivity. Thus, capnometry may be a safe and inexpensive 
method for confirming feeding tube placement. The study 
was conducted only in the mechanically ventilated patient, 
which may be a limitation.’ 


Control of Ventilation in 
Traumatic Brain Injury Patients 


Aiming at "normocapnia" is practiced in the management of 
traumatic brain injury to avoid reduction in global cerebral 
blood flow and worsening of secondary brain injury due 
to vasoconstriction due to hyperventilation leading to 
hypocapnia. A capnograph can be effectively utilized for this 
purpose after intubation to guide ventilation parameters and 
thus prevent inadvertent hyperventilation.!4 


Capnography during 
Weaning from Mechanical Ventilation 


This technology may also be applied during weaning process. 
Studies comparing postapneic end-tidal carbon dioxide 
pressure (PEtCO,) with PaCO, before and after withdrawal 
of mechanical ventilation and showed good correlation 
(r= 0.82).! In another prospective study, similar relationship 
was observed before and during weaning with continuous 
positive airway pressure ventilation, which detected 
important hypercapnic episodes.! These studies did show a 
higher incidence of false positive, i.e., hypercapnic episodes 
leading to unnecessary blood sampling. Another useful 
concept advocated by Withington et al." in postcardiac 
surgery patients was to note the initial gradient between 
PaCO, and PEtCO, was established and then follow PEtCO, 
with necessary correction as a surrogate for PaCO,. 

Postapneic end-tidal CO, pressure has been found to 
be useful as a predictor only in patients without significant 
parenchymal lung disease by Morley et al? which was 
in concordance with similar observation by Prause! in 
prehospital emergency setting. This may be due to the fact 
that in the critically ill patient, alveolar dead space often 
changes and PEtCO, may not correlate with PaCO, and used 
as a substitute for arterial blood gas sampling. 
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A CONCLUSION 


Medical treatment has increasingly employed the detection 
of CO, for a variety of situations. Capnography is employed 


to monitor and evaluate respiratory functioning, it 


has enhanced the safety of mechanical ventilation and 
procedural sedation. Yet, there are many opportunities to 
glean additional useful information by looking beyond the 
simple end-tidal CO, value and taking the entire waveform 
into consideration. Based on the published studies, the value 
of EtCO, monitoring can be applied in variety of assessment 


-in critically ill patients. These include conditions of impaired 


matching of ventilation and perfusion, such as pulmonary 
embolism and obstructive lung diseases; circulatory function, 
adequacy of chest compressions or fluid responsiveness in 
patients in shock. 
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Noninvasive Ventilation 
in the Perioperative Period 


Vandana Agarwal 


E INTRODUCTION 


Postoperative pulmonary complications (PPCs) have been 
reported in 5-10% of all surgical patients and 10-40% in 
patients undergoing abdominal surgery. Postoperative 
pulmonary complications can have significant adverse effect 
on perioperative outcomes. Fernandez-Perez et al. reported a 
3% incidence of acute lung injury (ALI) in patients undergoing 
high-risk elective surgery. Acute lung injury was associated 
with increased length of intensive care unit (ICU) stay and 
significantly lower postoperative survival at 3 months and 1 
year.! Based on the National Veterans Administration Surgical 
Quality Improvement Program database (n = 81,719) the 
most common postoperative complication was pneumonia 
(3.4%) and patients who developed postoperative respiratory 
failure (PRF) had significantly higher 30-day mortality.” 
Postoperative pulmonary outcome depends on preoperative 
respiratory condition and the degree of perioperative 
respiratory impairment? Postoperative respiratory failure 
requiring ventilation is not only associated with high 
morbidity and mortality, but also increases costs and length 
of hospital stay. 

Noninvasive ventilation (NIV) can be instituted without 
an artificial airway, i.e., endotracheal tube or tracheostomy. 
Administration of NIV or continuous positive airway pressure 
(CPAP) after tracheal extubation in the early postoperative 
period not only reduces atelectasis and but improves 
pulmonary function? It can be used prophylactically 
io prevent occurrence of acute respiratory failure and 
therapeutically to treat respiratory failure. 


@ RISK FACTORS FOR POSTOPERATIVE 
RESPIRATORY FAILURE (BOX 1) —— 


Effects of Anesthesia 


Induction of anesthesia causes pathophysiological changes 
In the respiratory system such as reduction in muscle tone 


leading to increase in retractile lung forces and development 
of atelectasis. Atelectasis causes a reduction in functional 
residual capacity, which may lead to impaired oxygenation, 
reduced lung compliance and development of lung injury. 
Atelectasis may also persist for a variable period in the 
postoperative phase despite initiation of spontaneous 
breathing and recovery from anesthesia. Diaphragmatic and 
respiratory muscle dysfunction can occur soon after surgery 
and last for 1-2 weeks in the postoperative period thus 
increasing the risk of PPCs. Good analgesia, patient's active 
involvement in postoperative pulmonary rehabilitation, and 
early mobilization all improve pulmonary function in the 
postoperative period. 


Ventilator-induced Lung Injury 


Conventionally, anesthetists ventilate patients with 
10-12 mL/kg and without application of positive end- 
expiratory pressure (PEEP) during the intraoperative period. 
There is ample evidence of ventilator-induced lung injury 
(VILI) in critically ill patients with preexisting lung injury 
or pulmonary pathology. However, there's also increasing 
evidence of VILI in patients with normal or healthy lungs. 
Michelet etal. compared two ventilatory strategies in patients 
undergoing esophagectomy. One group was ventilated 
with 9 mL/kg tidal volume (TV) without PEEP both during 
one and two lung ventilation and the other group was 
ventilated with 9 mL/kg during two lung ventilation and 5 mL/ 
kg with PEEP during one lung ventilation (OLV). They found 
improved oxygenation in OLV with PEEP both during and 
immediately after OLV with significantly lower inflammatory 
markers in patients with lower TV and PEEP and earlier 
extubation in the postoperative period. A multicenter, 
randomized controlled trial (RCT) compared protective lung 
ventilation with recruitment maneuvers with conventional 
ventilation in intermediate to high risk patients undergoing 
major abdominal surgery (IMPROVE study). They found 12% 
rate of PRE Also in the protective ventilation group, there 
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Box 1: Risk factors for postoperative pulmona 
Patient factors 

Age >65 years 
ASA 23 e Vascular 
Respiratory disease (COPD) 


e History of respiratory infection within 1 month 
prior to surgery 


* Obesity 

e . Obstructive sleep apnea 

e Preoperative SpO, «9696 

e History of congestive heart failure 


e Poor functional status—(partial or total 
dependency) 


e Active smoking 
e .Alcohol abuse 


complications 
Surgical factors 


o Thoracic 


o Neurosurgical 


Reexploration 


laparoscopy 


e Presence of preoperative sepsis 
e Weight loss >10% in the last 6 months 
| © Preoperative anemia («10 g/dL) 


was 69% reduction in the need for reintubation and NIV for 
PRE This beneficial effect lasted as long as 7 days, which is 
the time period when the PPCs are most common.’ The 
PROVE investigators studied the impact of driving pressure 
(the difference between the plateau pressure and the level of 
PEEP on PPCs in patients undergoing protective ventilation 
during general anesthesia for surgery). They found that high- 
intraoperative driving pressure or any change in PEEP that 
resulted in increasing the driving pressure was significantly 
associated with more PPCs. Tidal volume was not found to 
be associated with PPCs.? Recent meta-analysis including 
only RCTs in surgical and critically ill patients with healthy 
lungs suggest improved pulmonary outcomes in terms of 
pulmonary infection and acute respiratory distress syndrome 
(ARDS) incidence with protective mechanical ventilation 
strategy, but no effect on length of stay or mortality. 


Patient Factors 


In addition to those listed in box 1, obese patients are at 
increased risk of PRE The incidence of mortality secondary 
to PRF from the largest database of 13,000 patients 
undergoing bariatric surgery is about 11%.!° Patients with 
obstructive sleep apnea in addition to other comorbidities 
have a restrictive pulmonary disease with increased chest 
wall elastance and intra-abdominal pressure, which may 
promote lung atelectasis. The risk factors for postoperative 
respiratory depression are the severity of sleep apnea, 
increased sensitivity to systemic opioids, and sedatives. In 
addition, these patients should be monitored for a longer 
period in postanesthesia care unit or high dependency unit 
as the sleep pattern gets reestablished around the third or 


94 fourth postoperative day, which predisposes them to apnea 


© Surgical procedure: 


© Upper abdominal 
© Head and neck 
© Cardiopulmonary bypass 


Emergency procedure 


e Surgery duration beyond 2 h 
Open procedure, e.g., laparotomy more than 


COPD, chronic obstructive pulmonary disease; PEEP, positive end-expiratory pressure 


Anesthetic factors 
Excess intraoperative fluids 


Conventional ventilation with high 
tidal volume and no PEEP 


Blood transfusion >4 units 
Intraoperative hypothermia 
Residual neuromuscular blockade 
Inappropriate ventilator settings 
Use of nasogastric tube 
Postoperative pain 


during the rapid eye movement sleep. It is recommended 
by the American Society of Anesthesiologists Task Force to 
prophylactically administer CPAP or NIV to these patients in 
the postoperative period.!! 


Surgery 


Surgery causes disruption of abdominal, thoracic, and 
diaphragmatic muscle forces. Surgical factors in addition 
to anesthesia-induced pathophysiological changes and 
postoperative pain lead to ventilation pump failure and/ 
or ventilation perfusion mismatch thus causing respiratory 
failure. 


Predicting Postoperative Respiratory Failure 


Taking into consideration the incidence of PPCs and impact 
on outcomes, it seems prudent to identify patients at high risk 
for developing PRF and optimize and individualize the care 
during the perioperative period to prevent PRE. There are risk 
predictor models such as respiratory failure index and Score 
for Prediction of Postoperative Respiratory Complications. 


Respiratory Failure Index (Tables 1 and 2) 


It consists of patient-specific and surgery-specific factors. 
The type of surgery is weighed heavily followed by patient's 
nutrition, renal function, and functional capacity among 
other factors. Based on the score, patients are categorized 
into various risk class from 1-5 with increasing scores. ‘this is 
derived and validated from a large prospective database from 
where patient characteristics and outcomes were obtained. 
‘There is slight over prediction of the riskin classes 3-5. Clinical 
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TABLE 1 Factors considered in respiratory failure index 


“Preoperative predictor | Point value 
Types of surgery SPAM | u ] 
Abdominal ; aortic surgery. 27 
Thoracic surgery — 21 
Neurosurgery, “upper abdominal and peripheral | 14 
vascular surgery i 
Neck surgery MN ] £e m NM i H ME 
“Emergency surgery - FEED 3 NL sr 
; Albumin (<30 gl 


! | Blood urea nitrogen n (>30 m mg/dl) | 


‘Partially < or fully dependent functional status 


| History of COPD | e 
Age (years) —  — 


COPD, chronic obstructive pulmonary disease 
Respiratory failure index predicted probability of post- 


TABLE 2 operative respiratory failure based on points generated 
from patient- and surgery-specific variables 


Class Points Predicted probability of PRF (96) 
= «0 | 05 | 
MD TR. NDS D a ne oe 
| 2 11-19 | 2.2 
L4 o 227 |! 5 
Po. ome | mo 0 07 
| 5 j 0 30.5 


PRF, postoperative s resġitatoiy failure 


application of this index should take into consideration 
the limitations. It can be used in men with high level of 
comorbidities. The index did not include pulmonary function 
test values and body mass index of the patients. A very broad 
definition of chronic obstructive pulmonary disease (COPD) 
was used, so there is possibility of underestimation of risk 
associated with severe COPD.? 


Score for Prediction of 
Postoperative Respiratory Complications 


Another predictive score derived and validated by 
Brueckmann et al. focused on reintubation in the early 
postoperative period, i.e., 3 days after surgery. It is highly 
predictive of postextubation respiratory failure. Reintubation 
within the 72 hours after surgery was found to be associated 
with increased risk (72-fold) of mortality. They identified 
five strong independent predictors of reintubation 
Postoperatively such as: (i) ASA score of three or more, 
(ii) emergency procedures, (iii) type of surgery (vascular, 


transplant, neurosurgery, thoracic, general surgery, and 
burns), (iv) a history of congestive heart failure, and 
(v) chronic pulmonary disease. Each variable was assigned 
a point value 3, 3, 2, 2, and 1, respectively. The probability of 
postoperative reintubation ranges from 0.12% with a score of 
0-5.9% for scores of 7-11.'? 


* BENEFIT OF NONINVASIVE VENTILATION 
* IN THE PERIOPERATIVE PERIOD 


Noninvasive ventilation or CPAP causes a reduction of 
atelectasis, thus improving lung volume, gas exchange, and 
alveolar minute ventilation. In addition to reducing the work 
of breathing, it reduces left ventricular afterload with increase 
in the cardiac output.. 

All these benefits are achieved without the need for 
endotracheal intubation, thus avoiding the risk associated 
with invasive mechanical ventilation.?!? In a meta-analysis 
exploring the effects of NIV in the postoperative period, 
Glossop et al. found reduced risk of reintubation, pneumonia, 
and ICU and hospital length of stay when NIV was used 
postsurgery.P , 


| ADMINISTERING NONINVASIVE 
4 VENTILATION IN A PATIENT 

ij UNDERGOING SURGERY — 
Noninvasive ventilation’ can be applied preoperatively, 
during induction of anesthesia and postoperatively. 
Postoperatively, NIV can be applied either prophylactically to 


prevent development of respiratory failure or therapeutically 
for treatment of respiratory failure. 


Preoperative 


* Obstructive sleep apnea: Patients who are already on 
home CPAP should continue the same prior to surgery 

* Preoxygenation: The role of CPAP/NIV for preoxygenation 
is already established in critically ill patients. In patients 
at risk of hypoxemia, such as obese patients or patients 
with hypoxemia (ALI/ARDS for surgery), NIV is more 
effective in preventing desaturation during orotracheal 
intubation in comparison to conventional oxygenation.' 


Postoperative 


ə Abdominal surgery The incidence of hypoxemia 
postoperatively in patients undergoing upper abdominal 
surgery is as high as 30-50%. About 8% of these patients 
require invasive mechanical ventilation, thus increasing 
morbidity and mortality. Prophylactic application of 
CPAP after the extubation and in the postoperative period 
in patients undergoing abdominal surgery, improved 
lung volumes and gas exchange resulting in improved 


oxygenation. However, the rate of reintubation and 95 


96 
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PPCs was similar to the conventional group. Therapeutic 
application of NIV was associated with reduced need for 
reintubation without any effect on mortality? 

ə Thoracic and thoracoabdominal surgery: The incidence 
of pulmonary complications leading to ALI or ARDS in 
patients undergoing lung resections for malignancy is 
about 4% with associated mortality of 64%. Perioperative 
prophylactic NIV in patients with forced expiratory 
volune in 1 second <70% administered 7 days 

-preoperatively and 5 hours postoperatively for 72 hours 
after surgery improved oxygenation, spirometric values, 
and hospital length of stay. Similar improvement was 
seen in patients undergoing thoracoabdominal aortic 
aneurysmal repair in addition to reduced reintubation 
rate and reduced ICU stay!® 

e Cardiac surgery: Zarbock et al. compared standard 
treatment with prophylactic CPAP for at least 6 hours 
after extubation in patients undergoing cardiac surgery. 
Patients who receive CPAP had lower rate of hypoxemia, 
pneumonia and reintubation rate and readmission to the 
ICU” 

e Bariatric surgery: In patients undergoing gastroplasty, 
CPAP/NIV applied after surgery significantly ‘improved 
arterial oxygenation, spirometric values, compared to 
oxygen therapy alone!” 

e Solid organ transplantation: Acute respiratory failure 
still is the most frequent cause of postoperative mortality 
following solid organ transplantation. In post solid 
organ (i.e., lung, liver, and kidney) transplant patients 
with hypoxemia, NIV when compared to supplemental 
oxygen improved oxygenation soon after application. 
These patients had few infective complications such as 
severe sepsis and septic shock, which can be attributed 
to avoidance of invasive mechanical ventilation. It was 
also associated with shorter length of ICU stay, but no 
difference in hospital outcome.!® 


@ PRECAUTIONS AND - 
CONTRAINDICATIONS ASSOCIATED WiTH 
d NONINVASIVE VENTILATION (BOX 2) 


When patients are administered NIV, they should be 
monitored for level of dyspnea, respiratory rate oxygen 
saturation, and in addition to washout of carbon dioxide in 
patients with hypercapnic respiratory failure. They should 
be observed for any signs of ventilator asynchrony, leaks, 
patient's comfort, gastric distension, dryness of eyes, and 
breakdown of facial skin at pressure points and necessary 
preventive measures should be taken for the same? 
When used therapeutically in postoperative patients, if 


the symptoms do not resolve, i.e; no improvement in 


oxygenation or respiratory rate or the level of consciousness 
deteriorates despite therapy within a stipulated time, 
especially with hemodynamic instability, one should 


Box 2: Absolute and relative contraindications of 

noninvasive ventilation 

Absolute contraindications 

© Severe agitation or encephalopathy 

* Inability to protect airway 

* Facial trauma 

e Patients with severe communicable airborne disease 

Cardiac or respiratory arrest 

* Hemodynamic instability 

e Immediate need for endotracheal intubation (except use of NIV 
for preoxygenation) 

* Severe upper GI bleeding or hematemesis 


Relative contraindications 

* Uncooperative patient 

* Slight decrease in level of consciousness 
* Worsening respiratory failure 


NIV, noninvasive ventilation; GI, gastrointestinal. 


consider it as failure of NIV and progress to securing airway 
and establish invasive mechanical ventilation as in any 
critically ill patient. 

Historically, NIV was contraindicated for E 
anastomoses. The gastric inflation occurs at high insufflation 
pressures >25 cmH,O. Risk of anastomotic breakdown 
secondary to high insufflation pressures may be decreased 
by using CPAP instead of bilevel ventilation (pressure 
support ventilation with PEEP). A large study of 1,000 
patients addressed safety and efficacy of CPAP in preventing 
pulmonary complications following gastric bypass surgery. 
Only 15 had major anastomotic leaks and only two occurred 
in patients receiving CPAP.!° Presence of nasogastric tubes 
in postoperative patients may cause leaks and CPAP or 
NIV may be ineffective depending on the volume of leak. If 
the nasogastric tube is in place, it should be connected to 
draining bag rather than aspiration as gastric insufflation can 
be detected promptly. 


lj CONCLUSION — 


Noninvasive ventilation or CPAP has a definite place 
in perioperative care of patients undergoing surgery. 
Identifying these patients preoperatively by the risk factors 
and modifying these factors are important to provide the 
best care with improved outcomes. Intraoperative use of 
protective ventilation strategy reduces the inflammation, 
incidence of infective complications, need for reintubation, 
and mechanical ventilation. Patients at high risk should 
be monitored in the high dependency unit or ICU for PRF. 
Judicious use of NIV/CPAP in the perioperative period, 
taking into consideration the limitations and concerns 
improves gas exchange, lung volumes, and reduces 
morbidity and length of stay. 
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Identifying Correctable Factors 
in Difficult Weaning 


Dhruva Chaudhry, Ankur Agrawal 


Àj INTRODUCTION 

Weaning a patient from the ventilator is both an art and 
science. The experienced intensivist plays a major role 
in deciding as when to wean the patient off successfully. 
Moreover, spontaneous breathing trials (SBTs) done on 
daily basis can predict the ability to wean off successfully, 
though not sufficiently predictive. The pathophysiology of 
weaning failure is complex and includes both correctable 
and noncorrectable. This chapter deals with the correctable 
causes, their pathophysiology, assessment, and treatment 
Strategies, so as to expedite weaning from mechanical 
ventilation. 


§j 


j| EPIDEMIOLOGY AND DEFINITION OF 
4 WEANING FAILURE (TABLE 1) — 


Most of the patients in intensive care unit (ICU) can be 
weaned off easily but 20-30% patients are difficult to 
wean. Successful weaning means that patient has been 
liberated from the mechanical ventilator support. The term 
“weaning failure” is applied to patients who have failed SBT 
or reintubated within 48 hours of extubation.! Extubation 
failure or difficult weaning is associated with prolonged ICU 
stay, increased mortality, and higher expenditure. Over the 
last 25 years, a thorough study of the literature reveals that 
patients who require prolonged ventilator support (221 days) 
accounts for approximately 6-10% of all patients treated 


TABLE 1 Definition of various categories of weaning 
| Simple | i Patients w who were extubated on the first attempt | 
, Weaning | E- wea aning | 


| Difficult ; Patients who fail first \ weaning trial or require up to 
[weaning E E trials oras long : as7 days from the first SBT ^ 

| ! Prolonged E Patients who require >3 SBT or 37 days of weaning 
| Weaning di after first SI SBT 


SBT, spontanecus breathing trial trial E 


in ICU, however, consuming 37% of the ICU resources and 
costing >25 billion dollars/year.?? 

Weaning should be a team decision rather than individual 
one. It must be started from the first day of ICU admission. 
Daily assessment for weaning should be incorporated into 
the patient's treatment protocol because delay in extubation 
leads to increase in mortality. 

Weaning is a stepwise process as depicted in flowchart 1. 
Skipping of any of the steps can lead to an adverse outcome. 
First step is assessing the patients for weaning followed by a 
SBT. If it is successful, patient is put on trial for extubation 
and reassessed for signs of reintubation or weaning failure. 

Weaning is a complex process and its failure is 
always multifactorial. Various reversible/correctable and 
irreversible/noncorrectable causes have been defined for 
the weaning failure. Most common among them is cardio- 
respiratory destabilization along with metabolic and 
endocrine abnormalities. A thorough physical examination 
and investigations, particularly, blood markers and radiology 
are useful tools. 


à RESPIRATORY OR VENTILATION FACTORS _ 


Acute respiratory failure is the most common cause for ICU 
admission and the most common indication for mechanical 
ventilator support. Planning for SBT or weaning process 
should be initiated when the underlying disease starts 
resolving and ventilator support requirement is minimal, 
i.e., inspiratory oxygen fraction (FiO;) <0.5, arterial oxygen 
tension (PaO;)/FiO, ratio >200, and positive pressure 
requirement (PEEP) <8 cm H,O. 

Weaning process depends upon the load on respiratory 
pump and capacity of respiratory muscles to handle it. Total 
work of breathing depends upon the resistance and elastance 
force. Increase in any one of the factors will lead to excessive 
work of breathing and respiratory failure. 

Decrease in compliance is mostly because of atelectasis, 
pneumonia, pulmonary edema, and interstitial lung disease. 
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Mechanical ventilation support 


Resolution of underlying disease 


Subjective criteria 
* Patient a wake and alert 
* Good cough 

* Hemodynamically stable 


Criteria failed 


«RR <35/min 
asue not resolved = , 
Su Weaning criteria * SaO, >90 at FiO, «0.4 orPaOJ/FiO, 
Intervention >200 
* Treat infection/VAP Issue not * PEEP «8 cmH;O 
+ Optimize ventilator setting resolved 


* Diuretics, levosimendan 
* Nitrates 
* Physiotherapy 


* USG diaphragm 


* Pro-BNP, procalcitonin 
* Metabolic profile 

+ Cardiac biomarkers 
Search underlying cause of 
weaning failure 


| Weaning sucessful 


Assessment for readiness 
to wean 


Criteria fulfilled 


Spontaneous breathing trial n è Change in mental status 
How to identify (30-120 min * Agitation and anxiety 
* USG Lung T-piece or PSV (5/5) * Diaphoresis, dyspnea, cyanosis 


+ Echocardiography SBT passed 
* VAP. or other site of Ea aA 
sepsis Extubation done Objective criteria 


Reassess for reintubation 


Objective criteria 
* Heart BP 90-160 mmHg 


* MIP <-30 cmH,O 


Subjective criteria 


* Increased accessory muscle activity 


* RSBI >105 breaths/min/L 
* Pa; «50-60 mmHg on FiO, 20.5 
* PaCO, >50 or in t PaCO, >8 mmHg 
* Respiratory rate >35/mm or f by >50% 
* Heart rate >140/min or f by 20% 
* SBP «90 or >180 mmHg or change 
in >20% 
* Cardíac arrhythmias 


Weaning failed 


PEEP, positive-end expiratory pressure; MIP, maximal inspiratory pressure; VAP, ventilator-associated pneumonia; USG, ultrasonography; Pro-BNP, pro-brain 
natriuretic peptide; RSBI, rapid shallow breathing index; SBT, spontaneous breathing trial; RR, respiratory rate. 


FLOWCHART 1: Stepwise weaning process 


Ventilator-associated pneumonia (VAP)isoneofthe common 
causes of poor compliance in ICU patients. Ventilator- 
associated pneumonia has a high-incidence rate of around 
9-67% along with a high-mortality rate. Early identification 
and treatment of VAP can help in managing weaning failure. 
Total respiratory compliance is constituted by lungs and chest 
wall. The pathologies affecting the chest wall compliance 
like kyphoscoliosis, obesity, high-abdominal pressure, and 
pleural effusion can precipitate weaning failure. 

Resistance in the upper airway is significantly associated 
with weaning failure. In fact, chronic obstructive pulmonary 
disease (COPD) is an independent risk factor for weaning 
failure. Airway resistance mainly depends upon diameter of 
airways, ventilator flow rate, and flow pattern and density of 
gas mixture. The most common affecting factor is diameter 
of airway lumen. Therefore, increased resistance is usually 
due to glottic edema, tracheal injury, tracheomalacia, 
bronchoconstriction, and due to endotracheal tube itself.’ 
Resistance to work of breathing may increase after extubation 
because of tracheal injury and edema? In such cases, patients 
May successfully pass the weaning assessment and SBT but 
fail extubation because of high resistance. 


High resistance leads to expiratory flow limitation and 
air trapping. Air trapping, in turn, causes increase in intrinsic 
positive-end expiratory pressure (PEEPi). Intrinsic PEEP 
has negative effects in terms of increased work of breathing, 
ineffective triggering, and patient ventilator asynchrony. 
A patient needs to generate more negative pressure to 
overcome PEEPi, hence increasing the chance of weaning 
failure. So, understanding of basic lung physiology and 
its correlation with patient's clinical condition may help 
clinician to improve weaning success rates. 


How to Identify 


Measurement of compliance and resistance (Raw) can 
be done easily on ventilator. In fact, new ventilators are 
incorporated with equation that can calculate static 
compliance, dynamic compliance, and resistance. Static 
compliance = tidal volume (TV)/(P ja, - PEEP) and dynamic 
compliance = TV/(Py,,, - PEEP). Normal value of static 
compliance is 60-100 mL/cmH,O. Compliance can also be 
measured with pressure-volume curves. The compliance 
calculated with the above equation has both the components, 
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ie. chest wall and lung. Esophageal pressure monitoring 
is required to differentiate chest wall and lung compliance. 
However, chest wall compliance does not alter over ICU stay. 
Therefore, changes in values are more important rather than 
static value. An intensivist should measure the baseline value 
of compliance at the time of admission and its trend while 
the patient is on mechanical ventilation in the following 


. days. Other parameters like increase in FiO, requirement and 


radiological changes can also help in judging the cause of 
decreased compliance. 

Airway resistance (Raw) can be calculated on the 
ventilator with the following equation, keeping the flow rate 
constant. Estimated Raw (cmH,0/L/s) = (PIP ~ Pyj,)/V (L/s). 
Normal airway resistance in intubated patient is 4-6 crnH,O/ 
L/s. Pressure-time and flow-time graphs provide qualitative 
assessment of resistance and expiratory flow -limitation. 
Flow-time and flow-volume loops are highly informative 
about air trapping and dynamic hyperinflation. Simple 
bedside test of cuff leak can be used for suspected tracheal 
narrowing or edema. Cuff leak test is performed by deflating 
the endotracheal cuff completely and, thereby, checking 
for leakage of tidal volume. Direct visualization of airways 
with bronchoscope is gold standard for diagnosing tracheal 
stenosis, tracheomalacia, and airway narrowing. 


Intervention 


Treatment depends upon the underlying cause of weaning 
failure. Compliance can be improved by treating VAP, 
reducing interstitial edema, and draining pleural fluid and 
ascites. Resistive force can be decreased with optimization 
of ventilator settings and medical management. Chronic 
obstructive pulmonary disease patients can be weaned off 
with the help of noninvasive ventilation (NIV). Intrinsic PEEP 
can be countered by applying external PEEP to decrease 
work of breathing. Complications like tracheal stenosis 
and tracheomalacia may require airway stent and surgical 
treatment. In a study of 288 tracheostomized patients with 
difficult weaning, tracheal stenosis (>50%) was present in 14 
patients. Patients were decannulated after surgical removal 
of granulation tissue.!° 


{RESPIRATORY MUSCLE DYSFUNCTION 


Neuromuscular dysfunction, as the etiology of weaning 
failure, still remains an underdiagnosed condition in any ICU 
setting. It can account for weaning failure in up to 62% of ICU 
cases.!! Any patient who presents with or later on develops 
muscle weakness must be investigated for underlying cause 
because it puts a heavy impact on outcome. For example, 
patients of myasthenia gravis, motor neuron disease, and 
Guillain-Barre syndrome are difficult to wean off while snake 
bite, toxins, and electrolyte-related muscle weakness can be 
corrected easily. 

A few patients in ICU may acquire peripheral neuro- 
muscular dysfunction known as ICU-acquired weakness 


(ICU-AW): Incidence of ICU-AW has been reported from 


50-10095.? Major factors associated with ICU-AW are 


multiple organ dysfunction, severe inflammatory state, 
hyperglycemia, use of steroids, and irrational use of neuro- 
muscular-blocking agents.*!^ Intensive care unit-AW can 
present as isolated neuropathy, myopathy or both. It is a 
diagnosis of exclusion and can be made bedside by muscle 
biopsy or neurophysiological conduction studies. 

Patients on mechanical ventilator support may 
develop diaphragm weakness even without peripheral 
muscle weakness known as ventilator-induced diaphragm 
dysfunction (VIDD).!5 Although clinical features and 
pathophysiology of ICU-AW and VIDD are overlapping, 
both the terms cannot be used interchangeably. Multiple 
theories have been given for VIDD, which include disuse 
atrophy and activation of proteolytic enzymes.!? Laghi et al. 
obtained the transdiaphragmatic pressure in mechanically 
ventilated patients by stimulating phrenic nerve and 
found a significant drop in pressure by 35% compared 
to that in healthy subjects." In such patients, increased 
workload after SBT cannot be handled by respiratory pump. 
Therefore, diaphragmatic weakness has been found to be an 


independent risk factor for weaning failure usually requiring . 


tracheostomy.!®!9 


How to Identify? 


The diagnosticapproach for diaphragmatic dysfunction needs 
electrophysiological and radiological investigations like 
maximal inspiratory pressure (MIP), magnetic stimulation 
of phrenic nerve, and bedside ultrasonography for assess- 
ing diaphragmatic contractions. Bilateral supramaximal 
magnetic twitch stimulation of the phrenic nerves has been 
considered as gold standard test for diaphragmatic function.” 
The test is invasive and is a research tool at present. The most 
widely used test in clinical practice is measurement of MIP, 
which is done by connecting a manometer to the tracheal 
tube. Lower limits for MIP in healthy subjects are -75 cmH,O 
and -50 cmH,0 for men and women, respectively?! 
Ultrasonographic assessment of diaphragm has become 
a regular investigation across the world. Because of easy 
availability and noninvasive nature, many ICU centers are 
using it as a screening tool for weaning assessment. On 
M-mode, diaphragmatic excursion should be «1 cm to be 
labeled as diaphragmatic weakness. Dinino et al. showed 
that diaphragm-thickening fraction (inspiratory minus 
expiratory thickness divided by expiratory thickness) of 230% 
has a positive-predictive value of 91% for weaning success. 


Interventions 


The treatment options for ICU-AW and VIDD are still lacking 
as most of the therapeutic interventional studies have been 
on animals. Data from human trials are not so promising. 
Current literature suggests that early shifting of ventilation 
from control mode to assist or support mode may decrease 
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the incidence because diaphragm inactivity triggers 
viDD.7?* Newer ventilatory modes like neurally adjusted 
ventilatory assist (NAVA) and proportional assist mode (PAV) 
seem suitable in these patients. These modes deliver support 
according to the patient's respiratory demand thereby 
protecting against over- or underassist support. People have 
used this strategy, especially in ICU-AW patients, and results 
are favorable. In a recent randomized controlled trial (RCT) 
in COPD patients who are difficult to wean, use of NAVA 
was associated with better patient ventilator synchrony and 
decreased hospital mortality as compared to conventional 
weaning mode.” 

A few studies have shown positive results with 
inspiratory muscle training exercise in difficult to wean 
patients.”®?” Device for muscle strengthening includes 
an adjustable spring loaded valve in which inspiratory 
threshold pressure can be titrated according to patient's 
effort. Another RCT has shown that 71% patients in strength 
training arm were weaned successfully against 47% in sham 
arm." Other interventions like use of the antioxidants 
and tight glycemic control may be beneficial as shown 
by a few studies.?979 Moderate hypercapnia exerts some 
protective effect on diaphragm. In addition, overuse of 
sedatives and neuromuscular agents should be avoided and 
calcium channel sensitizer, levosimendan may improve 
diaphragmatic contractility.*° 


E CARDIOVASCULAR FACTORS  — 


Patients with cardiac conditions like valvular heart disease, 
cardiomyopathies, and ischemic heart disease are admitted 
in ICU with either primary or secondary problems. These 
patients usually have poor cardiopulmonary reserve and 
prone for developing weaning-induced pulmonary edema 
(Fig. 1). During SBT or after extubation, sudden shift from 
positive to negative pressure breathing puts extra load on 
heart?! Negative pressure breathing increases the left 
ventricle-filling pressure either by increase in afterload or 


————» 


Positive pressure 
breathing 


Negative pressure 
breathing 


(RV preload 1 RV preload 
1 RV afterload | RV afterload 
1 LV preload | LV preload 


4 LV aftereload 
11V storke : 
volume 


t LV afterload 
| LV storke 
volume 


RV, right ventricular, LV, left ventricular, LA, left atrial; PCWP, pulmonary 
Capillary wedge pressure. 


FIG. 1: Cardiopulmonary interaction during mechanical ventilation 


decrease in left ventricle compliance. On the other side, 
right ventricle preload rises because of increased venous 
return, adrenergic tone, hypoxia and PEEPi. These complex 
cardiovascular interactions put extra burden on heart and 
incorporate the risk of weaning failure. Chronic obstructive 
pulmonary disease patients with left heart disease are at 
higher risk of weaning failure. Richard et al. found that COPD 
patients without underlying cardiac disease were associated 
with decreased left ventricular ejection fraction (54% + 12% vs. 
47% + 13%) after mechanical ventilation versus spontaneous 
breathing. 


How to Identify? 


Invasive and noninvasive tests are available to detect 
underlying cardiac morbidity. The most preferred tests are 
noninvasive, which include electrocardiography, trans- 
thoracic cardiography and blood markers like B-type 
natriuretic peptide (BNP) and N-terminal proBNP (NT- 
proBNP). Echocardiography has become a routine tool of 
investigation for cardiac performance status. Both the systolic 
and diastolic functions of heart can well be quantified with 
echocardiography that may help the intensivists to identify 
probable factors for weaning failure. Lamia et al. suggested 
that Doppler tissue imaging and transmitral flow variables 
could be used to detect weaning-induced elevation of left 
ventricle-filling pressure during SBT.** 

-B-type natriuretic peptide is a hormone released by 
myocardium in response to overstretched or fluid overload 
state.*>6 Brain natriuretic peptide is found to be increased 
in SBT and extubation failure patient. Many studies have 
addressed the role of BNP in SBT failure patients. Zapata et 
al. concluded that BNP can predict weaning failure due to 
heart failure before an SBT. The cutoff values were 263 ng/L 
for BNP (p «0.001) and 1,343 ng/L for NT-proBNP. B-type 
natriuretic peptide was found to be a better marker than NT- 
proBNP in predicting chances of weaning failure. Chien et al. 
found that increased BNP after 2 hours of SBT also helps in 
predicting weaning failure.*® 

Right heart catheterization is helpful to differentiate 
between cardiac and pulmonary causes of weaning failure. 


‘But because of invasive nature, its use is getting obsolete 


in most of the medical ICUs. Other markers like decreased 
mixed venous oxygen saturation and increased lactate are 
signs of poor cardiac performance status.?" 


Interventions 


It is important to analyze the cardiorespiratory mechanics 
during SBT. Weaning-induced pulmonary edema can be 
corrected by judicious use of diuretics, vasodilators, and 
inotropes. Loop diuretics can be used in patients suspected 
of pulmonary edema. Newer inotropes like levosimendan 
have shown positive results in decreasing ICU mortality.?? 
Levosimendan is a calcium channel sensitizer used in 
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decompensated heart failure.” It has a beneficial effect over 
dobutamine and phosphodiesterase inhibitor. It does not 
increase myocardial oxygen demand, acts as vasodilator and 
improves diastolic function. *? In one trial, levosimendan 
was used in 12 patients who had poor ejection fraction 
and were difficult to wean. Seven patients were weaned 
within 51 hours of levosimendan infusion.*! Nitrates also 
have an excellent role in these situations because of their 
triple action. They decrease preload, afterload, and act as 
coronary artery dilator. In one study, nitrate infusion was 
tried in difficult to wean COPD patients. Twelve patients 
were included who failed at least 3 weaning trials and 
had systolic blood pressure »140-mmHg. Nitrate infusion 
was titrated to keep systolic pressure between 120 mmHg 
and 139 mmHg and seven patients were successfully 
extubated.? Other therapies, like continuous positive 
airway pressure (CPAP) or NIV, can be used to counter the 
effects of negative pressure breathing. Continuous positive 
airway pressure therapy in cardiogenic pulmonary edema is 
a recommended choice of treatment. 


3 NEUROCOGNITIVE FACTORS _ 


Psychological Factors 


Delirium and anxiety are common entities in ICU patients 
with incidence rate of 30-757. Sleep deprivation, drugs, 
sepsis, hypoxemia, prolonged immobilization, persistent 
pain, and use of sedative agents are independent risk factors 
for delirium.“ All the above mentioned factors are easily 
identifiable and correctable also. Salam et al. found fourfold 
higher risk of failed extubation in patients of cognitive 
dysfunction. Depression, anxiety, and sleep disturbances 
also hinder with successful weaning.***’ Moreover, poly- 
somnographic studies have shown poor quality of sleep and 
frequent arousal in ICU patients.“ Ventilatory mode, pain, 
and ambient noise are risk factors for poor sleep. 


Diagnosis and Correction 


The confusion assessment method for ICU is a common 
screening tool for delirium in ICU patients." Other tools 
and questionnaire are also available to assess cognitive 
function. Cautious use of sedatives and hypnotics along with 
assessment of cognitive function may help in improving 
weaning outcome. Midazolam has been considered as 
an independent risk factor for delirium. In a RCT, use of 
dexmedetomidine was found to reduce the incidence of 
delirium as compared to midazolam.” Sleep fragmentation 
and disturbances can be corrected by decreasing noise 
level, light and adequate pain management. Consultation 
with the psychiatrist and psychologist is helpful in cases of 
suspected depression, anxiety and cognitive dysfunction. 


_ ELECTROLYTES, METABOLIC AND 
= ENDOCRINE FACTORS — 


Fluid and electrolytes are commonly encountered problems 
in critically ill patients. Electrolyte abnormalities like 


‘hypokalemia, hypophosphatemia, and hypomagnesemia 


are all known to cause muscle weakness and various 
systemic dysfunctions, especially cardiac conduction 
abnormalities. Prevalence of various electrolyte imbalances 
could be as high as 50% especially hypomagnesemia and 
hypophosphatemia.*! These abnormalities must be excluded 
or corrected first before anticipating weaning failure. No large 
data is available to see the impact of individual electrolytes 
on weaning outcome prediction but many case reports in 
the literature reveal the impact of the individual electrolytes 
on weaning outcome and mortality. Metabolic disorders 
like acidosis and alkalosis have direct impact on respiratory 
drive and oxygen uptake at cellular level. These are usually 
iatrogenic in nature and can be corrected easily. 

Hormones have an important role in stress. Cortisol 
and thyroid hormones have been studied and found to be 
associated with weaning failure. Role of corticosteroids is still 
controversial as an excess use can lead to myopathy. However, 
cortisol replacement is also necessary in deficit state. In a 
study, out of 93 patients of weaning difficulty, 70 were found 
to have adrenal insufficiency. In these patients, weaning 
duration decreased after using steroids.™ Similarly, thyroid 
disorders can delay extubation by causing muscle weakness 
or poor respiratory drive. Replacing adequate amount of 
the deficit hormone can help in dealing difficult weaning 
patients.** 

Nutrition is one of the most concerned issues in 
critical patients. Intensive care unit patient are always at 
increased risk of malnourishment because of increased 
demand and poor enteral or parenteral nutrition. These 
undernourished patients are vulnerable to muscle wasting, 
weakness, increased duration of mechanical ventilation, 
and mortality. Therefore, early enteral nutrition with an 
appropriate calorie intake is very essential in ICU. Obese 
or overweight patients have some better reserve in terms of 
nutrition but poor cardiorespiratory interaction. However, 
poor chest wall compliance and basal atelectasis may impact 
weaning outcomes in obese patients. Early intervention like 
NIV support in obese patients may prevent extubation failure. 


3j CONCLUSION (TABLE 2) 


As outlined, weaning failure is multicausative and a multi- 
disciplinary approach along with a structured strategy is 
essential for prevention and early management. Still the 
area needs more research and trials as the knowledge in this 
arena is far from complete and the failure rates are far from 
negotiable figures. 
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TABLE 2 Summary of factors causing weaning failure and interventions support weaning 


iophysiology | Cause 


-. | Therapeutic interventio 


Respiratory 


COPD 
Asthma 


Increase e 
resistance . 


' e Small diameter ET/tracheostomy tube 


e Mucus plug/blood clot 
. © Glottic edema 
` e Tracheal injury/stenosis 
e Tracheomalacia 


Decrease _ © Interstitial lung disease 
compliance e Ventilator-associated pneumonia 
. © Cardiogenic/noncardiogenic 
pulmonary edema 
, © Basal atelectasis 
` e Pleural effusion, ascites, abdominal 
l distension 


: Neuromuscular 

ICU-acquired weakness (ICU- AW) 

Ventilator-induced diaphragm 

: dysfunction 

i e Toxin (organophosphate poisoning) 

i e Other neuromuscular disorders 

i (myasthenia gravis, GBS, metabolic 
and infective): 


Diaphragm ;* 
dysfunction D 


Cardiac 


"Increase cardiac D 
workload i 


Underlying cardiac disorder 
Change in intrathoracic pressure 
" Pulmonary : ° 
: edema i 


Poor cardiopulmonary reserve 


i 


Psychological factors 


Delirium D Sleep deprivation | 

, Anxiety | Overuse of sedative agents 
i e Prolonged immobilization 
Í e Sepsis 

_Metabolicfactors bun 

j Electrolyte ! Hypokalemia 

. abnormality ! Hypomagnesemia 

i . | Hypophosphatemia | 

Cortisol i Hypothyroidism 

deficiency _Hypoadrenalism 


COPD, chronic obstructive pulmonary disease; ET, endotracheal tube; PEEP, positive-end expiratory pressure; G, computed tomography; ECG, electrocardiogram; 


: Electrolytes level 


. Cortisol level 


e Flow-time and pressure-time 
graph 

e Calculating resistance 

e Cuffleak test 

e Visualization by bronchoscopy 


* Pressure-volume loop 

e Calculating compliance 

e Radiology (X-ray, CT thorax) 
e Lung ultrasonography 


e Maximal inspiratory pressure 

e Phrenic nerve conduction 
velocity 

¢ Transdiaphragmatic pressure: 

e Ultrasonographic assessment ` 
o Diaphragmatic excursion 
o Diaphragm-thickening fraction | 


. 12-lead ECG 


e Transthoracic echocardiography ; 


e BNP or NT-proBNP 

e Cardiac biomarkers 

e ScVO,, lactate 

e Right heart catheterization ` 


e CAMICU 


‘Thyroid profile 


Applying external PEEP to counter 
internal PEEP and optimize 
ventilator settings 

Bronchodilators 

Adequate size ET/tracheostomy tube 
Intravenous or oral steroid 

Surgical removal of tracheal 
granulation tissue 


Recruitment maneuver 

Low-tidal volume strategy 

Adequate antibiotics use 

Diuretics 

Chest physiotherapy 
Drainage of ascites and pleural fluid: 
Prokinetics and enema 


Early use of assist/support mode 
Inspiratory muscle training exercise 
Antioxidants 

Decrease use of sedation and 
neuromuscular blockers 
Levosimendan and theophylline 


Diuretics 

Levosimendan, milrinone 
Vasodilator-like nitrates 
Beta-blocker in IHD 
Noninvasive ventilation 


Adequate pain management 
Cautious use of sedative agent 
Dexmedetomidine 
Haloperidol 

Early immobilization 


; Early identification and correction of 
| deficit factors 


tHD, ischemic heart disease; BNP, B-type natriuretic peptide; NT-proBNP, N-terminal proBNP; CAM-ICU, confusion assessment method for the intensive care unit. 
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Driving Pressure in Acute Respiratory 
Distress Syndrome: Is It Relevant? 


Atul P Kulkarni, Natesh R Prabu, Vikas Bhagat 


E INTRODUCTION 


Acute respiratory distress syndrome (ARDS) is a common 
cause of acute respiratory failure in intensive care unit. It is 
a disorder, where there is pulmonary capillary endothelial 
damage causing noncardiogenic pulmonary edema leading 
to refractory hypoxia. The management of ARDS has 
changed considerably in the past decade with improved 
survival! but still has a mortality rate of >40%. Almost half 
of mortality is due to sepsis with multiorgan failure followed 
by refractory hypoxia (16%), cardiac failure or arrhythmias 
(15%), neurological failure (10%), and other causes (8%), 
mortality increases with increasing age and increasing organ 
failures. So, the primary goal in ARDS management would 
be prevention of sepsis and organ failures. Mechanical 
ventilation itself can lead to lung damage and other distant 
organ damage—ventilation induced lung injury (VILI)? 
Different strategies have been developed to limit VILI and 
further organ dysfunction. 


DISTRESS SYNDROME PATIENTS—WHAT 
d WE KNOW AND EMERGING CONCERNS —— 


Mechanical ventilation is commonly initiated for respiratory 
failure due to ARDS. There is innumerable evidence 
available to show higher tidal volume (Vt) ventilation leads 
to lung injury.*? Ventilating patients with ARDS have shown 
paradigm shift from traditional high Vt to low tidal ventilation 
6 mL/kg predicted body weight. “Protective lung ventilation” 
Strategy, i.e., combination of low Vt ventilation, low plateau 
pressure (P tar) («28-30 cmH,0), and higher positive end- 
expiratory pressure (PEEP), has improved survival.5? This 
Strategy minimizes the lung injury by limiting the end- 
inspiratory pressure (lung stress—force applied to lung 
tissue) reducing alveolar over distension and lung strain 
(deformation occurring in lung tissue). It also prevents 
frequent opening and closing of alveolus (atelectrauma).? 


VENTILATING ACUTE RESPIRATORY 


Protective lung ventilation with low Vt is safe and beneficial 
even in patients without ARDS and have also shown to 
prevent progression to ARDS.5? 

However, low tidal ventilation leads to more atelectasis, 
hypoxia and requirement of higher PEEP. Ventilating ARDS 
patients with higher PEEP is still a debate since no survival 
benefit has been shown except in patients with severe 
ARDS.!? Setting an optimal PEEP to prevent overdistension 
and derecruitment is not easy, and several methods 
like using lung compliance, transpulmonary pressure, 
decremental PEEP trial following recruitment, and fraction 
of inspired oxygen (FiO,)-PEEP tables have been tried with 
varying resuits. 


consolidated, partially collapsed, and normal alveolar tissue. 
The lung volume is small rather stiff, ie., “the baby lung” 
concept introduced by Gattinoni and Pesenti!! showed that 
the volume of lungs available for ventilation is small and it 
is difficult to predict the volume of baby lung. Mechanical 
ventilation with lung protective strategy as a whole has been 
proved beneficial but the impact of individual components 
is unknown. 

Lung volumes and capacity correlate with height of the 
patient and in turn to predicted body weight.'? Reducing Vt 
according to predicted body weight has shown to reduce VILI, 
improved survival, and more ventilator free days, but not in all 
patients.!?!^ As the volume of lungs available for ventilation 
is not uniformly reduced among patients," ventilating with 
same low Vt based on predicted body weight will produce 
alveolar overdistension in some patients, and hence, leading 
to different lung stress and strain among them.". 

So, reducing Vt further to 3-4 mL/kg predicted body 
weight may prevent alveolar overdistension and reduce VILI 
but raises serious concern of carbon dioxide elimination. 
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Ultraprotective ventilation strategy with Vt of 3 mL/kg ideal 
body weight with extracorporeal carbon dioxide removal 
was found to be safe and effective but without any survival 
advantage compared to lung protective ventilation with Vt of 
6 mL/kg.'^ In the above study, Vt was adjusted according to 
body weight rather than compliance, so considering only Vt 
rather than amount of available functional lung size did not 
offer any further advantage. 

Plateau pressure may vary according to chest wall 
compliance like in obese patients, so titrating Vt according 
to Poia may lead to hypoventilation. Esophageal pressure 
measurement that is used to measure transpulmonary 
pressure is not universally available and has many 
limitations.!^!9 Terragni et al. showed that low tidal venti- 
lation also led to tidal hyperinflation in ARDS patients that 
may be attributed to high Pp: Whether higher Poia is 
an indictor of severity of disease or lung injury is unclear. 
Setting and titrating PEEP are controversial since both lower 
and higher PEEP have.no survival benefit. Alteration of one 
component has an impact on each other and is closely inter- 
related. When there is overdistension, the airway pressure 
increases and compliance decreases and vice versa. So, there 
is a close relationship between compliance of respiratory 
system and airway pressure with the volume of baby lung. 
So, optimizing Vt to compliance or airway pressure rather 
predicted body weight may be better predictor of lung stress 
and strain. 


# DRIVING PRESSURE—THE PHYSIOLOGICAL 
"BASIS AND CLINICAL APPLICATION 


Driving pressure (AP) is the ratio of Vt to static compliance of 

respiratory system. 

AP = Tidal volume (Vt)/Respiratory system compliance (Crs) 
Clinically, AP is the difference between alveolar P,,, and 

PEEP, i.e., 


AP z Pa, - PEEP 
Py - PEEP = Vt/Crs 
(Crs = Vt/P iat - PEEP) 

Both PEEP and Vt are independent variables and can be 
altered by physician, but Pj, and compliance are dependent 
variables. So, any change in independent variable affects the 
dependent variable. 

When increasing the Vt or PEEP, if there is recruitment 
then AP will decrease and compliance increases, but if there 
is overdistension then worsening of compliance and increase 
in AP occurs (Fig. 1). AP and compliance are inter-related. 
AP may be defined better as the amount of cyclical alveolar 
deformation imposed on ventilating lung units. 

When we measure compliance (Crs), we are actually 
measuring the compliance of thorax as a whole, and lungs 
are just a part of it. Hehce, if we need to know the distending 
pressure of lungs alone, we need to measure transpulmonary 
_ pressure (alveolar - pleural pressure/esophageal pressure) 
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Another easy bedside surrogate method to know the 
change in compliance is the stress index? (Fig. 2). It is 
noted from the terminal part of pressure time curve of 
volume controlled breath with constant flow in a well- 
relaxed or paralyzed patient. When the terminal part of 
pressure time curve is. concave downward, it represents good 
compliance (stress index <1); concave upwards it represents 
poor compliance (stress index >1); flat represents normal 
compliance (stress index = 1). To know the real stress on 
lung, we need to measure transpulmonary stress index and 
it is clinically challenging. Transpulmonary stress index can 
be substituted by airway pressure stress since there is good 
correlation between them ?9?! 

Airway stress index is a simple bedside tool to track 
respiratory compliance to ventilator adjustments and hence 
used to predict lung injury during ventilation.?? Both Vt and 
PEEP can be titrated to stress index to limit lung injury.” 
Stress index reflects the respiratory compliance which in 
turn have impact on AP (Crs = Vt/ Pac PEEP), so, low-stress 
index will have low AP and vice versa. Airway AP has shown 
to have close relation with transpulmonary AP and reflect 
the lung stress.”° So, AP is an indicator of lung stress as stress 
index. AP is easy to measure, more objective and easy to keep 
a trend but patient should be relaxed and without any active 
breathing. 


È DRIVING PRESSURE—A NEW TARGET 
-FOR VENTILATION OF ARDS PATIENTS 


Ventilator induced lung injury is due to lung stress and strain, 
which is proportional to the pressure applied to the lung. 
As lung stress and strain is difficult to measure in clinical 
practice, airway AP can be used to predict lung injury. Higher 
the AP greater the lung injury.?? 

Recently, Amato et al?' showed in their multilevel 
mediation analysis of 3,562 ARDS patients from nine 
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FIG. 1: Compliance and driving pressure 
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previous randomized controlled trials that AP is a better 
predictor of ARDS outcome. The independent variables 
associated with improved outcome were AP, partial arterial 
pressure of oxygen/FiO, ratio at entry, pH at entry, risk of 
death (Acute Physiology and Chronic Health Evaluation 
and Simplified Acute Physiology Score). The authors did 
multiple resampling considering subgroups of patients with 
matched mean levels for one variable but different mean 
level for another ranking variable and found that increased 
AP was associated with increased mortality (Table 1). The 
reduction in Vt or increase in PEEP was found beneficial 
only if associated with decrease in AP. The key message from 
this analysis is AP is an independent predictor of survival in 
patients with ARDS. 

A few other studies have also shown the importance of AP 
in ARDS patient survival. In an animal study where ARDS was 
artificially induced, authors used varying combinations of Vt 
and PEEP to yield different transpulmonary AP found that 
combination of low Vtand PEEP, yielding low transpulmonary 
AP and Py had minimal lung injury. Chiumello et al.” 


-. Subgroups with matched mean of one variable and 
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divided patients into two groups of PEEP 5 and 15 cmH,O0 
and performed recruitment maneuver to all patients to keep 
lungs open and more homogeneous. Lung stress (cmH,O) 
was calculated accordingly as: 

Lung stress = (airway pressure plateau - atmospheric 
pressure) - (esophageal pressure plateau - esophageal 
pressure atmospheric pressure). 

Patients were analyzed in two groups, AP «15 cmH,O 
and >15 cmH,O. Lung stress >26 cmH,O was considered 
significant. Patients with higher AP had higher lung stress in 
both groups and airway AP was accurate at detecting lung 
Stress. 

Low AP is associated with improved survival, but 
achieving lower AP may be a challenge. In patients with 
ARDS with good recruitable lung after recruitment maneuver 
and appropriate PEEP the functional lung size increases and 
transpulmonary pressure gets evenly distributed leading 
to better compliance and lower AP. Borges et al. illustrated 
improved compliance, oxygenation with lower AP after 
recruitment maneuver and appropriate PEEP. 


& CONCLUSION 


Lungs in patients with ARDS are heterogeneous and 
small. Compliance of lungs reflects the severity of 
disease and functional size of lung. Severe the ARDS, 
more is the VILI because of more heterogeneous lung 
and unpredictable functional lung volume. Higher AP is 
associated with increased lung stress. Analysis by Amato 
el al^ is a retrospective observational study, analyzed 
from heterogeneous group of ARDS patients and AP is a 
postrandomization variable. Further prospective randomized 
studies are needed to confirm the above results. As higher 
AP is associated with increased lung stress, ventilation 
parameters should be set to have minimal AP. Tidal volume 
should be scaled to compliance (AP) rather predicted body 
weight and further reduction can be done to meet target AP. 
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Lung recruitment followed by appropriate PEEP in patients 
with recruitable lung can be tried to achieve lowest possible 
AP. But whether reducing AP using recruitment maneuver 
and high PEEP would improve outcome is unclear. Whether 
to alter ventilation parameters when there is high AP and 
low Py, and vice versa needs further evaluation. So, AP is 
an emerging concept that optimizes ventilation of available 
functional lung volume in ARDS patients. At this point of 
time, the clinical utility and safety of AP need confirmation 
from further studies. 
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Prone Ventilation in 
Acute Respiratory Distress Syndrome: 
Why, When, and for How Long? 


Rajesh Chawla, Aakanksha Chawla 


. INTRODUCTION 


Majority of patients with severe respiratory failure need 
invasive mechanical ventilation and they are traditionally 
ventilated in the supine position. When oxygenation goals 
are not met in a patient of acute respiratory distress syndrome 
(ARDS) in supine position then these patients are ventilated 
successfully in prone position. Efficacy of prone position in 
improving hypoxemia has been shown in multiple studies. 
Recent studies have shown that it improves survival as 
well.^!4 ": 


DEFINITION &— 


Prone ventilation is the delivery of traditional mode of 
ventilation in prone position. So, patient can be ventilated 
in prone position using volume control or pressure preset 
ventilation or other modes (Fig. 1). Prone ventilation can also 
be used with high frequency ventilation. 


FIG. 1: Prone positioning 
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ij PHYSIOLOGICAL ADVANTAGES 

8i OF PRONE VENTILATION 

e In supine position, dependent lung is partially collapsed. 
The heart compresses the medial and posterior portion 
of lung and, at the same time, diaphragm compresses 
the posterior and inferior part of the lung parenchyma. 
Abdominal contents displace the diaphragm upwards 
which is further aggravated by the effect of sedation, 
paralysis, and increased intra-abdominal pressure. So, 
this aggravates the dependent lung collapse and worsens 
hypoxemia in supine position. During prone ventilation, 
the heart lies on the sternum and it relieves the 
compression of the medial and posterior portion of the 
lung parenchyma and, at the same time, the diaphragm 
is displaced caudally which will decrease compressive 
effect on the medial and inferior lung!*!6 

e Improved ventilation perfusion: In supine position, both 
blood flow and alveolar collapse are maximum at the 
dependent dorsal portion of the lung which results in 
ventilation perfusion mismatch asthe ventilation is much 
less and perfusion is maximum in this region. Ventilation 
perfusion mismatch improves in prone position because 
the dorsal region continues to receive the maximum 
blood flow and the alveoli reopen and the ventral region 
or the newly dependent region continues to get less 
blood flow and the alveoli collapse. All of these result in 
improvements in ventilation perfusion match 

e During prone ventilation, there is improvement in lung 
recruitment and hypoxemia which results in decrease 
in hypoxic pulmonary vasoconstriction. This increases 
right ventricular preload and leads to decrease in right 
ventricular afterload and pulmonary vascular resistance 
which increases cardiac output! ^! 

e Decreased gradient between ventral and dorsal trans- 
pulmonary pressure: Transpulmonary pressure (Ptp) is 
defined as the difference of airway pressure and pleural 
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TPPr, transpulmonary pressure; CH, cardiac;V/Q, ventilation/perfusion; TPP, transpulmonary pressure. 


FIG. 2: Effect of proning on transpulmonary pressure and improved ventilation perfusion mismatch 


pressure (Ppl). When patient lies in supine position, 
the dorsal Ppl is more than the ventral Ppl. Ventral 
Ptp is more than the dorsal Ptp which causes more 
expansion of ventral alveoli in supine position. This effect 
gets augmented in ARDS patient which will result in 
hyperinflation of ventral area. In prone position, the Ppl 
gradient is decreased between ventral and dorsal regions 
which makes ventilation more homogenous which 
will not only recruit alveoli but also prevent ventilator- 
induced lung injury (Fig. 2). This improvement in prone 
position is maintained in supine position.” 

e ‘There is better drainage of pulmonary secretions in prone 
positions and the delivery of aerosol is also improved in 
prone positioning which results in better ventilation. 


EWHENTOPRONE? — 1 . 


Lung protective strategy is the initial ventilation strategy in 
most patients with ARDS. The patient is ventilated in either 
volume or pressure control mode. Tidal volume is maintained 
at6 mL/kg of ideal body weight and end-inspiratory pressure 
below 30 cmH,0 at all times. Patient with severe ARDS who 
donotimprove with the use ofthis kind of ventilatory strategy, 
prone ventilation should be tried to improve oxygenation 
and provide safe ventilation. It is also used for a patient 
waiting for extracorporeal membrane oxygenation (ECMO). 
Refractory hypoxemia and severity of ARDS that warrants 
prone ventilation has been variably defined as PaO;;FiO, 
(partial pressure arterial oxygen/fraction of inspired oxygen 
ratio or P/F ratio) of «100 mmHg and a PaO, <60 mmHg 
despite appropriate vent strategy on FiO, of 1. 


fj EVIDENCE FOR 
a EFFICACY OF PRONEVENTILATION 


Five large randomized controlled trials (RCTs) and a few small 
studies have tested the role of prone positioning in improving 
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oxygenation with prone position but did not show mortality 
benefit. These trials have consistently demonstrated that 
prone ventilation improves oxygenation which is defined 
as 10 mmHg increase in PaO,, resulting in reduction in the 
FiO,, It is interesting to note that patients whose oxygenation 
improves during prone ventilation continue to have 
improved oxygenation for long time after patient is turned 
into the supine position. The improvement is seen each time 
the patient is put in prone position. Many patients will show 
this improvement in first hour but some do show it later. 

There are some factors which predict improved 
oxygenation during prone ventilation. Patients who have 
diffuse pulmonary edema and dependent alveolar collapse 
as compared to consolidation are more likely to improve their 
oxygenation during prone ventilation. Similarly, patients who 
have an extrapulmonary cause as compared to pulmonary 
cause for their ARDS are more likely to show improvement in 
their oxygenation.”* Patients with elevated intra-abdominal 
pressure increase their PaO, during prone ventilation 
as compared to patient with normal intra-abdominal 
pressure 2926 Patients whose chest wall compliance decreases 
in prone position are more likely to improve their PaO, ?? 

Generally, for a long time in patients of ARDS, no 
significant mortality benefit was demonstrated with 
prone positioning in various randomized trials and meta- 
analyses.’"4 Some meta-analyses had reported mortality 
benefits in subset of severe ARDS whose P/F ratio was 
<100 mmHg.!”8 They had demonstrated this benefit if used 
early and for prolonged periods in patients with severe ARDS. 
The significant evidence in favor of prone positioning came 
from Proning Severe ARDS Patients (PROSEVA) trial. Further, 
a meta-analyses that included PROSEVA? showed that this 
benefit was seen only if patients had also received low tidal 
volume during ventilation.!2?? 

As mentioned earlier, the best support for prone 
ventilation has come from single large randomized trial, 
PROSEVA study? They defined severe ARDS as those who 
have PaO,:FiO, ratio «150 mmHg on a FiO, 20.6 and positive 
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end-expiratory pressure (PEEP) 25 cm H,O which is a 
deviation from the current Berlin definition where severe 
ARDS is defined as a PaO,:FiO, ratio «100 mmHg. This RCT 
included 466 patients receiving low tidal volume ventilation 
for severe ARDS. All patients were kept in supine position 
for a period of 12-24 hours, a stabilization period before 
the initiation of prone ventilation. Subsequently, they 
compared patients receiving prone ventilation with patients 
ventilated in the supine position. This study showed benefit 
in the subpopulation of severe ARDS who were ventilated 
in prone position early (within 33 h of intubation) and for 
long times (17 consecutive hours) with low tidal volumes. 
This study showed a reduction in 28-day mortality (16% 
in prone position vs. 33% in supine position) and 90-day 
mortality (24% vs. 41%). They did not report any higher risk 
of complications, and less requirement of rescue therapy in 
prone position. 

There were limitations in PROSEVA trial; 858 of the 
1,434 patients with ARDS initially screened were excluded. 
The exclusion criteria were many, including the use of 
noninvasive ventilation, inhaled nitric oxide or ECMO 
before inclusion, raised intracranial pressure, spinal or other 
fracture instability, deep venous thrombosis treated for less 
than two days, massive hemoptysis, a mean arterial pressure 
«65 mmHg, anterior chest tube with leaks, and chronic 
oxygen-dependent respiratory failure. So, the survival 
benefit likely applies to a very small select group of ARDS 
patients. Positive end-expiratory pressure was not optimized 
prior to the intervention. Patients in supine position had 
higher sequential organ failure assessment scores. All the 
sites included in the study had great experience of prone 
ventilation. The advantage may not apply to facilities with 
less experience. There is no evidence that prone ventilation 
prevents organ system dysfunction.” Earlier studies have 
shown that it does not shorten the duration of mechanical 
ventilation.’ However, the large randomized PROSEVA 
tria? suggested improvement in ventilator-free and time to 
extubation in the prone position group. 


E CONTRAINDICATIONS 


There are certain conditions where prone positioning is 
not advised (Box 1). Obesity, patient on continuous renal 
replacement therapy, and low doses of vasopressors are not 
contraindications for implementing prone ventilation. 


B WHEN TO INITIATE PRONE POSITIONING? — 


This is recommended that one should have low threshold for 
initiating prone positioning, if indicated in patients of severe 
ARDS. Early initiation of prone ventilation is most effective as 
has been shown in many trials. This is more effective as there 
are more chance of opening of collapse lung in exudative 
stage. In spite of the fact that there is evidence in support of 


Box 1: Absolute and relative contraindications for prone 
ventilation 


Absolute contraindications 
* Spinal instability or risk of spinal instability 

e Unstable pelvic or facial fractures 

e Raised intracranial pressure 

* Severe shock 

* Pregnancy 

e Recent tracheal surgery 

e Burns, chest tubes, and open wounds on the anterior chest wall 


Relative contraindications 
Hemodynamic or cardiac instability and recent cardiopulmonary 
arrest 

Thoracic and abdominal surgeries 

Difficult airway or difficult intubation 

Massive hemoptysis requiring an immediate surgical or 
interventional procedure 

Radiology procedure being planned 

Deep venous thrombosis treated for <2 days 

Lack of experience of the staff 

Tracheal surgery or sternotomy during the previous 15 days 
New tracheostomy («24 h) 

Increased intraocular pressure ` 

Cardiac pacemaker inserted in the last 2 days 
Intra-aortic balloon pump 

Advanced osteoarthritis or rheumatoid arthritis 


prone ventilation, many centers still do not practice prone 
positioning. 


= PRONE POSITIONING: HOWTO DOT? — 


Proning Preparation (Box 2) 


This can be done manually or by commercially available beds. 
No protocol or standard method has been recommended for 
proning procedure. Before turning a patient, it is important to 
prepare to get good result and avoid failures. 


Proning Procedure (Box 3) 


Proning is a labor-intensive procedure. This requires 
coordinated efforts between 4 and 5 persons.” One person 
ensures the stability of tube, one person protects the vascular 
access lines, and in addition, two other staff members turn 
the patient. A physician who can reintubate the patient 
should be on the bedside. 

It is also important that all staff members should know 
how to quickly put the patient back into the supine position, 
particularly required if the patient needs cardiopulmonary 
resuscitation. This is common to see transient hypoxemia 
which can be minimized by preoxygenating with a FiO, of 1 
before turning the patient. Commercially available beds are 
also available which not only initiate but can also maintain 


111 


SECTION 2: Respiratory System 


First of all, ensure that there is indication of proning 

Rule out contraindications. 

* Explain the procedure to family, its benefit, limitations, and 
complications 

e Order a chest roentgenogram that the tip of the endotracheal 
tube is located up to 4 cm above the main carina 

* Inspect-and secure firmly endotracheal tube 

* Secure firmly all central and large bore peripheral catheters and 
chest tubes 

* Arrange for support of head, neck and shoulder after proning 

* Stop nasogastric tube feeding; evacuate the stomach 

* Keep endotracheal suctioning equipment as sometimes there 
could be copious secretions as soon as you turn the patient 

e Make a plan for all intravenous tubing, catheters, and bags as 

you will have to reposition on the opposite side of the bed 

Assure sufficient tubing length 


Box 3:Proning procedure} 7. o EE 

Collect 4-5 people who will turn and assign their duties 

Place one person on both sides of the bed who will turn the 

patient and another at the head of the bed to assure the central 

lines and the endotracheal tube do net become dislodged or 

kinked 

e Increase the FiO, to 1 

e Put eye pad for protection of eyes 

e Make a note of the ventilator settings 

e Pull the patient to the edge of the bed furthest 

* Place a new draw sheet on the side of the bed that the patient 
will face when in this lateral decubitus position 

* Turn the patient to the lateral decubitus position with the 
dependent arm tucked slightly under the thorax 

* As the turning progresses, the nondependent arm can be 
raised over the patient's head or the turn can progress using a 
logrolling procedure 

* Continue turning to the prone position 

* Reposition the patient in the center of the bed using sheet 

e Turn his/her face toward the ventilator 

* Assure that the airway are secured 

e Suction the airway, if necessary 

* Provide support for the face and shoulders appropriately 

* Position the arms for patient's comfort 

e Auscultate to check the position of tube 

* Check the tidal volume and minute ventilation 

* Readjust all tubing, connections and function 

* Put electrocardiogram leads on the back 

Documenta thorough skin assessment regularly 


prone positioning.” They avoid risk during turning, and 
may provide continuous rotation. They have been shown 
to result in improvement in oxygenation and mortality. No 
study has compared manual proning to commercial bed 
turning in order to justify their use. . 


Ventilatory strategies 


Ventilator strategies of invasive mechanical ventilation in the 
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volume strategy and PEEP similar to patients with ARDS in 
supine position should be used. One may notice increase 
in plateau pressure after proning which is due to decreased 
chest wall compliance and mobilization of secretions. 
Neuromuscular blocking agents should be used for first 48 
hours in patients with P/F ratio «100. 


Monitoring 


Monitoring ofthe patient is same as a patient is monitored in 
supine position. Electrocardiogram leads are placed on the 
back. One needs to observe for the copious secretions and 
the need for suctioning, particularly just after positioning. 

On the basis of arterial blood gas changes after 
prone position, ARDS patients have been classified as 
"responders" or not "responders"; "PaO, responders" are 
those whose PaO,/FiO, ratio increases by at least 20% or 
by 220 mmHg. Some consider even 10 mmHg sustained 
improvement in PaO, or increase in lung compliance based 
on a fall in plateau pressure to be a positive response. The 
response may be visible in first hour or may be visible 
after 12-18 hours, provided there is no life-threatening 
hypoxemia present. Some patients may not show any 
response. If prone ventilation fails as characterized by either 
no change or worsening of gas exchange, lung mechanics 
or cardiovascular status, the patient should be put back to 
the supine position. In that case, alternate rescue strategies 
should be thought of. 


Feeding and sedation 


Prone ventilation can increase residual volume and 
emesis."^? Head end of the bed should be kept elevated and 
prokinetic agent should beused. When patientis repositioned 
in supine, stomach should be emptied. When patient is put 
in prone position, requirement of sedation increases. All 
patients in whom prone ventilation is performed require 
increased sedation and many require neuromuscular 
blocking agents. It is convenient to perform all procedures 
in supine position. One can plan procedures when patient is 
turned into supine position. Some clinicians have performed 
bronchoscopy in prone position. 


Duration 


The duration of prone positioning has varied in different 
studies. Many of the studies have applied repeated session 
of 6-8 hours per day. On the other hand, some have used 
prolonged prone ventilation lasting up to 17-20 hours in 24 
hours. 571031 

Proning severe ARDS patients’ trial’ which showed 
mortality benefit used mean duration of 17 hours per day in 
the prone position with an average of total of four sessions. 
Minimizing the frequency of turning decreases the incidence 
of complications in these sick patients. So, based on current 
evidence, it is recommended to maintain prone ventilation 
for longer periods (17-20 h/day), and supine patient for 
interventions and nursing. 
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Complic 


Facial edema, conjunctival hemorrhage 

Dislodging endotracheal tube or lines 

Dislodging vascular catheters or drainage tubes 
Worsening in arterial oxygen saturation 

Increased need for sedation or paralysis 

Nerve compression (e.g., brachial plexus injury) 
Retinal damage 

Hemodynamic instability 

Transient arrhythmia 

Diaphragm limitation conjunctival hemorrhage 
Compression of nerves and retinal vessels 

Thoracic drain kinking or obstruction 

Obstruction or kinking of endotracheal tube 
Pneumothorax 

Cardiac events 

Inadvertent dislodging of vascular catheter kinking or removal 
Vascular catheter malfunction during continuous veno-venous 
hemofiltration 

Deep venous thrombosis 

Urinary bladder catheter or nasogastric feeding tube 
displacement 

Enteral nutrition intolerance , 

Difficulty in instituting cardiopulmonary resuscitation 


:: COMPLICATIONS??? (BOX 4) 


The centers with experience in prone positioning can 
minimize life-threatening complications. There are compli- 
cations that can occur which are preventable. The most 
common side effect seen after proning are related to pressure 
point-related side effects like dependent facial and ocular 
edema, skin breakdown, and brachial plexus neuropathy. 
These can be minimized by frequent repositioning and 
soft padding. It is also important to increase awareness of 
providers. The pressure ulcers occur on the anterior shoulder, 
chest, knee, and face. Male gender aged 260 years and body 
mass index less than 28.4 are the risk factors for compli- 
cations. The rate of expected complications (e.g. unplanned 
extubation, endotracheal tube obstruction, hemoptysis, 
arterial desaturations, bradycardia, and severe hypotension) 
was no different between the groups in PROSEVA trial. 


ii CONCLUSION 


Prone ventilation, the delivery of mechanical ventilation with 
the patient lying in the prone position, is now an established 
procedure which not only results in improved oxygenation but 
also improves survival in a select population of patients with 
moderate and severe ARDS. This should always combined 
with low tidal volume strategy. Initially, all patients should be 
ventilated in supine position using lung-protective strategy. 
Ifthis strategy fails and the patient has refractory hypoxemia, 
he should be given a trial of prone positioning. It is advisable 
to implement prone ventilation early in the course or ARDS 
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(within the first 36 h). The best results are achieved if patient 
is proned for 18-20 consecutive hours. However, it is not 
certain that benefit apparent in the PROSEVA trial can be 
replicated in centers with less expertise and further research 
is warranted. 
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Viral Pneumonia 
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& INTRODUCTION 


abate 


Although severe community acquired pneumonia (CAP) 
is caused by bacteria, in recent years, viruses have been 
identified as frequent cause of CAP. In adults, the most 
common cause of viral pneumonia in community is influenza 
virus type A and B.! Depending on the virulence of the 
organism as well as the age and comorbidities of the patient, 
viral pneumonia can vary from a mild and self-limited illness 
to a life-threatening disease. In immunocompromised 
patients, viral pneumonia may result in respiratory failure, 
severe hypoxemia, and acute respiratory distress syndrome 
(ARDS). 


TABLE 1 


Epidemiology of viral pneumonia 


Periodic changes 


| Affects all ages, circulate throughout the year, but 
; activity peaks in the fall and spring. Most children 
: are infected before age 5 years, reinfection in older ' 

: children and young adults ' 


RNA | Respiratory syncytial virus has become a an 
Pa : increasingly important pathogen in the elderly 
, population, ( COPD, post lung transplant 


Can occur at any time of the year, Disease at i- 
; military recruit training facilities in the United 


;; EPIDEMIOLOGY? (TABLE 1) _ 


Viruses with known etiology account for 15-40% of all cases 
of serious CAP requiring hospitalization, of which influenza 
A and B being the most common’ in developing countries, 
incidence is five times higher than in developed regions.! 
Most of the infective viruses are constantly present in human 
or animal reservoirs. Under some circumstances, they are 
transmitted to susceptible host. The highest incidences 
arise in children younger than 5 years and in adults older 
than 75 years.! Few viruses have potential to cause epidemic 
like influenza A and B, measles, severe acute respiratory 
syndrome (SARS) due to aerosol transmission. In the 


Epidemics 


| RNA A, B, and C subtypes | Annual winter epidemics occur predictably, lasting | Maintains infectivity by antigenic 
HHINT) virus caused a ! Orthomyzoviridae family | 6-8 weeks, time of onset, and severity are highly — 
ariable. Outbreaks occur in closed settirigs - 


rift (epidemics), alteration in 
roteins structure (pandemics 2009) | 


utbreaks i in long-term care 
: facilities, day-care centers 


, Does not undergo major periodic 
, antigenic changes, immunity is 
; incomplete 


! outbreak of invasive pneumococcal disease in a 


espiratory syncytial | 
; ' virus | aramyxoviridae family 
psu haces ra " DORT ES 1 
| Parainfluenza v virus l RNA ! Seasonal outbreak occurs in fall and spring, i- 
i | Paramyzoviridae family 
i __ long-term c care facility 
“Adenovirus i ! DNA vi virus 
: : : Adenoviridae 
| tates and worldwide 


| Measles ji RNA 
; E Paramyzoviridae family | 


Varicella zoster vi virus 


; Herpesviridae 


: Pregnant patients, highly contagious. i 


;: DNA | Pregnancy, hematologic malignancies, and | l - 
, patients with organ transplant lead to life- 
: threatening complications 


Continued 
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Continued 


i Periodic changes 


. Coronavirus ; RNA 
| Coronaviridae 


` Cytomegalovirus : DNA 
i i Herpesviridae 


; Late winter and early spring, demonstrating 


2-3 years periodicity. Severe acute respiratory 


syndrome 


Hematopoietic stem cell transplant, heart lung 
transplant recipients (highest peak in 1-3 months 


: post-transplant) and in human immunodeficiency 


Epidemics 


` Epidemic of 2003 in southern China 


and Asia (severe acute respiratory 
syndrome) 


virus 


erpes simplex virus | DNA 


l ; Herpesviridae 
: Human RNA 
_Metapneumovirus — i Paramyzo 


RNA, ribonucleic acid; DNA, dieu vibanudele NE 


TABLE 2 Mode of transmission of virus 


Immune status : Organism 


_ Temperate climates in winter months 


, In transplant patients but rare - 


Recently identified 


: Mode of transmission 


| | Influenza (H1N1), 
| Adenovirus 


i ! Avian Influenza (H5N1) 


i 
[€ e — a 


| Respiratory syncytial v virus, 
| Rhinovirus 


_ immunocompetent 


i SAddEnpacke quand da ce oie T 


i | Parainfluenza virus - 


Measles 


| * Large droplet 
; e Fomites 
. * Hand contact (Healthcare personnel-respiratory syncytial virus) 


. » Healthcare personnel 


` © Small particle aerosol spread 
Healthcare personnel (Adenovirus) 


ie “Environmental contamination 
Live bird-reservoir - 


Healthcare personnel - 


. Transplantation of contaminated organs/blood products - 
_ © Lower respiratory aspiration of virus asymptomatically present in saliva 
! e Reactivation of latent infection 


* Lower respiratory aspiration of virus ; asymptomatically present i in n saliva 
e Reactivation of latent infection 


; * Direct contact with contaminated objects 


° Healthcare Personnel, droplet 


| “Immunocompromised |Cytomegalovius 
L Hematogenous spread 
| Herpes simplex virus 
| | Varicella zoster vi virus 
-————— ——— MÀ ——Í A —— M — J.A —— MÀ mis + 
; Emerging , Coronavirus — 
| Hantavirus 


absence of antiviral treatment, viral shedding starts within 
24 hours before the onset of symptoms and continues for 
approximately 5 days in healthy adults.’ Use of antiviral 
medications, within the first 48-96 hours of illness, reduces 
this infectious period.> Modes of transmission are described 
in table 2. 


lj PATHOGENESIS _ 


* The viral infection initiated in and primarily confined to 
the respiratory tract, so-called primary viral pneumonia, 
e.g., influenza or respiratory syncytial virus (RSV) 

e Pneumonia as a significant life-threatening complication 
of infection with subsequent systemic manifestation in 


j* Inhalation of infected excreta of diseased rodents 


otherwise healthy adults and immunocompromised 

hosts (including pregnant women), e.g., measles or 

Varicella zoster virus (VZV) 

* Respiratory tract involvement secondary to a systemic 
infection. Cytomegalovirus (CMV) pneumonitis is 

a complex interaction between viral infection and 

graft versus host disease, particularly in bone marrow 

transplant patients. 

Each of these situations may lead to what is recognized 
clinically as a viral pneumonia? Viral infections cause 
degeneration and cellular necrosis of infected cells, leading 
to local and systemic inflammatory response. Respiratory 
epithelial cells are invaded and viral repiication occurs. 
Alveolar spaces are flooded with varying number of 
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neutrophils and mononuclear cells admixed with fibrin 
and edema fluid. The alveolar capillaries are hyperemic 
and associated with intra-alveolar hemorrhage. The body's 
defense mechanisms include phagocytosis, humoral and cell 
mediated responses, and production of interferons. 


` CLINICAL MANIFESTATIONS 


In viral infections, respiratory tract shows wide spectrum 
of clinical entities including croup and bronchiolitis, 
tracheobronchitis, and reactive airways, and pneumonitis 
depends on presence or absence of risk factors (Box 1). 
The common constitutional symptoms are fever, chills, 
nonproductive cough, rhinitis, myalgias, headache, and 
fatigue. On examination, patient can have tachypnea and/or 
dyspnea, desaturation, tachycardia or bradycardia, wheezing, 
rhonchi, rales, cyanosis, and rash. 


& DIFFERENT VIRAL ETIOLOGY 
& AND CLINICAL FEATURES — 


Viral Pneumonia in 
Immunocompetent Individuals 


Most of the viral pneumonia in this group is caused by 
influenza A and B, H5NI, RSV, parainfluenza virus (PIV), 
adenovirus, measles, VZV, and emerging viruses like 
Hantavirus and Human SARS Coronavirus.* 


Influenza Virus 


It is the seasonal “flu” virus and the most common viral 
cause of pneumonia. It has two envelope glycoproteins, 
hemagglutinin and neuraminidase. Two influenza types have 
emerged of particular importance: (i) H1N1 (swine influenza 
strain) and (ii) H5N1 (avian influenza strain). The H1N1 virus 
rapidly spread to become a worldwide pandemic in 2009. 
The World Health Organization (WHO) declared an end to 
the pandemic in August 2010. Patient may appear acutely 
ill with constitutional symptoms, which last for 3-5 days. 
The systemic symptoms like feverishness, headache, chills, 


Box 1: Risk factors for viral pneumonia -- 


* Advanceage . 
Smoking 
Chronic disorders like heart disease 
Chronic obstructive pulmonary disease 
Diabetes mellitus 
Renal disease 
Immunosuppression-like blood disorder and malignancy 
Obesity 
Pregnancy 


myalgia, malaise, and nonproductive cough, which usually 
persist for 3-4 days. Small proportion of infection can lead 
to complications such as respiratory failure, ARDS, sepsis, 
and secondary bacterial pneumonia, which is characterized 
by the relapse of high fever, cough with purulent sputum 
after initial improvement, and radiographic evidence of 
new pulmonary infiltrates. The most common pathogen 
is Streptococcus pneumoniae, followed by Staphylococcus 
aureus,’ Haemophilus influenzae, and Gram-negative 
pathogens. 


H5N1 Virus 


It was previously known to infect only birds but now 
found to infect humans. Its incubation period is 2-5 days. 
Manifestations are the same as that of seasonal influenza 
and may lead to fatal ARDS or multisystem organ failure and 
disseminated intravascular coagulation.? 


Respiratory Syncytial Virus 


It is the most frequent cause of lower respiratory tract 
infection among infants and children. In adults, it is the 
second most common viral cause of pneumonia. It causes 
syncytia formation in cell culture, giving the virus its name. 


Parainfluenza Virus 


It is the most common cause of croup and bronchiolitis in 
children. In adults, its manifestation may vary from milder 
form to a life-threatening pneumonia with lung injury, 
especially in immunocompromised hosts. 


Adenovirus 


In children, it is known to cause pharyngoconjunctival 
fever. In fatal cases, it manifests with extensive pulmonary 
damage and coagulopathy. Other nonrespiratory symptoms 
like diarrheal illness, hemorrhagic cystitis, and epidemic 
keratoconjunctivitis are seen in adults. 


Measles 


It is manifested as severe pneumonitis with rash in children. 
It causes severe lower respiratory tract infection in immuno- 
compromised host with bacterial superinfection. 


Varicella zoster Virus 


It primarily manifests as chicken pox, which is characterized 
by a rash. Pneumonia is apparent 1-6 days after the onset 
of rash. There is no correlation of pneumonia with severity 
of rash. Reactivation is seen in immunocompromised 
patients. 
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Emerging Viruses Causing Pneumonia 


Viruses, which are endemic but having epidemic potential? 
are described next. 


Hantavirus Pulmonary Syndrome 


It produces hemorrhagic fever with renal failure syndrome 
and Hantavirus cardiopulmonary syndrome. Blood investi- 
gation shows triad of thrombocytopenia, left shift with 
circulating myeloblast, and circulating immunoblasts. The 
case fatality averages approximately 30-40%.® 


Human Coronavirus 


It exhibits biphasic course with prodromic manifestations, 
which progresses to ARDS. Its transmission is halted largely 
due to aggressive infection control practices. Laboratory 
investigations show increased lactate dehydrogenase, trans- 
aminase, creatine kinase, thrombocytopenia, and lympho- 
penia with depletion of CD4 and CD8 cells... 


Viral Pneumonia in 
Immunocompromised individuals 


Host with diminished immunity may develop severe life- 
threatening pulmonary infections. Deoxyribonucleic acid 
viruses have received more recognition in this regard. 


Cytomegalovirus 


Primary CMV infection remains latent. It gets reactivated 
in immunosuppressed host. The severity of pneumonia is 
related to the intensity of immunosuppression. Reactivation 
occurs between 14 and 21 days of intensive care unit stay. 
Involvement of lung parenchyma with marked hypoxemia is 
anindicator oflife-threatening infection. Itis accompanied by 
neutropenia, thrombocytopenia, and elevated liver enzymes. 


Herpes Simplex Virus 


Herpes simplex virus is a rare cause of lower respiratory 
tract infections and is seen primarily in severely immuno- 
compromised patients. Pneumonia may develop from 
primary infection or reactivation. 


Human Metapneumovirus 


Newly discovered ubiquitous is reported to cause infection in 
children like bronchiolitis, croup, asthma, and pneumonia. 
The severity of infection increases with older age and with 
comorbidity, or immunosuppressive conditions lead to 
severe pneumonitis. |! 


à RADIOLOGICAL DIAGNOSIS 
(FIGS 1 AND 2) 


Radiographic findings are not virus specific. They are 
variable and overlapping with bacterial pneumonia, but in 
combination with clinical findings, they can substantially 
improve the accuracy of diagnosis.!? In healthy individual, 
it can present like an “atypical” pneumonia while in 
immunocompromised host can present as a severe lobar or 
bilateral pneumonia. 


Chest Radiographs 


Normal findings or unilateral or patchy bilateral areas of 
consolidation, nodular opacities, bronchial wall thickening, 


FIG. 1: Frontal radiograph of a 21-year old male with fever and cough 
for 3 days, showing increased parahilar and basilar interstitial markings 
with few vague hazy nodules, suggestive of infective etiology 


FIG. 2: Axial nonenhanced computed tomography section showing 
peribronchial, patchy, ground-glass opacities, in lobular distribution 
in a 19-year old female with H1N1 infection 
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possessen 


and small pleural effusions. Lobar consolidation is un- 
common in patients with viral pneumonia but in a few cases, 
rapid progression to ARDS is noted. 


Computed Tomography’? 


e Parenchymal attenuation disturbances: Involved lung 
parenchyma appears as areas of patchy inhomogeneities 
(inosaic attenuation pattern) whereas an uninvolved 
segment shows normal or increased attenuation 

» Ground-glass opacity and consolidation: Coexisting 
thickening of the interstitium and partial filling of the 
airspaces may contribute to ground-glass opacity (hazy 
increase in attenuation) and consolidation 

e Nodules and micronodules: Nodules smaller than 10 mm 
in diameter are suggestive of viral etiology, appear as 
dense and of homogenous attenuation or show ground- 
glass opacity 

e Interlobular septal thickening: Presence of interstitial 
fluid, cellular infiltration is seen as interstitial thickening. 

» Bronchial and/or bronchiolar wall thickening: Inflam- 
mation and fibrosis lead to bronchial wall thickening. 


B LABORATORY DIAGNOSIS (TABLE 3). 


Anaccurate and early etiologic diagnosis is Ainoan beiit 
specific therapies are used against certain viruses. Poly- 
merase chain reaction and reverse-transcriptase (RT-PCR) 
are the most sensitive and specific methods. Nasopharyngeal 
and nasal specimens are generally preferred than throat swab 
specimens,!* but endotracheal or bronchoscopic aspirates 
have higher yields.'* As per Centers for Disease Control and 
Prevention (CDC) and Infectious Diseases Society of America 
(IDSA) guidelines, the tests depicted in table 3 may be 
performed for diagnosis of viral pneumonia.'*"* Advantage 
of quantitative PCR is additional measurement of viral 


TABLE 3 Laboratory diagnosis of viral pneumonia 


Method immunological technique 


` Immuno- 
fluorescence 


Rapid influenza 
diagnostic test 


| | Test time - ; D min 


load. Intranuclear or cytoplasmic inclusions in respiratory 
specimen are diagnostic." 


+ ANTIVIRAL THERAPY 


Influenza 


The currently circulating 2009 H1NI virus is susceptible to 
neuraminidase inhibitor (NAI) (oseltamivir and zanamivir) 
which are active against both influenza A and B viruses and 
matrix-2 (M2) inhibitors (amantadine and rimantadine) 
which are active against all influenza A strains, but have 
no activity against influenza B viruses.'5? WHO has 
recommended guidelines for prevention and treatment for 
influenza pneumonia." Antiviral therapy with NAI within 
48 hours of the onset of influenza illness is recommended 
to reduce the duration of symptoms, severity, and risk of 
complications without waiting for laboratory results.” 
Early therapy reduces duration of viral shedding, days of 
hospitalization, progression to severe disease, or resulting 
death. Adults with increased risk for complicated illness, 
NAI should be started without delay for pending laboratory 
diagnosis. 

Usual dosing of oseltamivir for treatment of influenza is 
75 mg orally twice a day and zanamivir is 10 mg (2 inhalations) 
twice a day for 5 days although longer treatment may 
be considered. In healthy patient with uncomplicated 
illness, NAI should be considered depending upon clinical 
judgment. Patient with severe progressive disease requiring 
hospitalization doubling the dose to 150 mg twice a day for 
10 days in severe cases of HIN1?' and H5N1???5 have been 
administered successfully. Controlled studies of doses up to 
450 mg twice daily have been administered in healthy adults 
successfully?" In pregnant patients, oseltamivir for 10 days or 
zanamivir should be considered as early as possible at onset 
of illness. 


Molecular Microbiological 


Serologic tests 


Reverse transcriptase- - Viral culture 
` , polymerase chain reaction (Gold Standard) 


Sensitivity. 


tt (1 0-80%) 


NY Ar iret ii See edet rts 


1 Specificity A (EES > na NEU (095-1000) — — pte OREA: 

| Distinguishes Yes | Yes | Yes ! 

İnfluenza AfromB ^ OOO , NE Bus DECEM ae rare 

influenza A | No ! No | Yes | Yes | 

OOE e an a E ME LL el - 

| Limitations "Subtype cannot be ' Cannot identify |Longerduration | ! Expensive | Takes! long time | 

| _ obtained ; subtypes fortest results — ^ Not useful in patients who | Needs specific culture i 
: Overall sensitivity — : ; Requires pairand shed infection for long | medium : 


_ is lower than viral 
: cultures 


i convalescent sera 
jandfourfoldrise 


: periods | 
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Resistance 


Most ofthe circulating strains of the novel H1N1 influenza A 
virus are sensitive to the NAI, but that nearly all strains 
were resistant to the amantadine. Advisory Committee 
on Immunization Practices recommends not to use M2 
inhibitors for treating influenza. Viral neuraminidase 
mutations lead to resistance to oseltamivir, but not to 
inhaled zanamivirin uncomplicated illness.”° Resistance is 
seen in those who are immunocempromised and received 
oseltamivir for prolonged period. 


Novel Antiviral Treatment 


e  Peramivir (NAT): Intravenous peramivir (600 mg) single 
dose was authorized for hospitalized patients in 2009 
HINI pandemic influenza? 

e Laninamivir (NAT): Laninamivir octanoate in inhaled 
form is for the treatment of seasonal influenza in adults 
and its effectiveness is also shown for the oseltamivir 
resistant virus? 

e  Favipiravir (1-705): It has been shown to inhibit a variety 
of influenza viruses, including highly pathogenic avian 
influenza H5N1 viruses. 

Antivirals such as entry inhibitors, nucleoside analogs 
like cidofovir, viral enzyme inhibitors (such as terminase 
and helicase enzyme inhibitors), and translation inhibitors 
may be utilized in an offlabel indication for treatment 
of viral infections? Efficacy of oseltamivir-zanamivir 
combinations for seasonal influenza is not yet established.?! 
Zanamivir dry powder should not be administered by 
nebulization as the lactose sugar in this formulation can 
obstruct proper functioning of mechanical ventilator 
equipment.?" : 

e Avian influenza (H5N1): WHO recommends consi- 
deration of higher dosage of oseltamivir (150 mg per os 
twice daily) and longer duration in severe infections. 
Thus, for resistant strains, consideration for combination 
therapy with NAI-adamantane or oseltamivir-ribavirin, 
or even triple therapy with NAI-adamantane-ribavirin, 
should be given® 

*. Respiratory syncytial virus: Current recommendations 
are that high dose aerosolized ribavirin therapy should be 
considered only for severe RSV infection and in high risk 
patients with high mortality, such as hematopoietic stem 
cell transplantation (HSCT) recipients? However, there 
is little evidence for the efficacy. Respiratory syncytial 
virus-specific intravenous immunoglobulin, such as 
palivizumab is used with aerosolized and oral ribavirin in 
high risk patients, such as HSCT recipients, appears to be 
promising . 

*  Parainfluenza virus: Treatment is mainly supportive. The 
use of ribavirin may be reasonable?* 

e Adenovirus: Antiviral treatment of proven value is not 
available. Routine use of ribavirin is not recommended. 


Cidofovir and ganciclovir may be useful in seriously ill 
patients? 

e Measles: Aerosolized or intravenous ribavirin may reduce 
the severity of symptoms in children and some immuno- 
compromised patients with pneumonia have done well 

e Varicella zoster virus: Varicella pneumonia in patients 
who are immunocompromised, acyclovir (10 mg/kg 
intravenous every 8 hours for 7 days) has been shown to 
be effective 

e Hantavirus disease: Intravenous ribavirin is effective in 
the treatment 

e Coronavirus: Proven antivirals are currently unavailable. 
The most promising to date appears to be the type-I 
interferons (a and p), which are highly active in cell 
culture 

e Cytomegalovirus: Ganciclovir as a preemptive therapy 
and as prophylaxis is effective for prevention of sympto- 
matic CMV infections in nonimmunocompromised 
patients. In lung transplant recipients, ganciclovir 
with CMV immunoglobulin has been associated with 
increased survival by ameliorating graft versus host 
disease.” Cidofovir, foscarnet, and fomivirsen are 
approved for CMY, but their effectiveness for treating 
CMV pneumonia has not been established® 

e Herpes simplex virus: Intravenous acyclovir has been 
effective when initiated early in the course of varicella 
pneumonia. Famciclovir and penciclovir are similar to 
acyclovir in their spectrum of activity against herpes 
viruses 7 

e Human metapneumovirus: Ribavirin has activity against 
human metapneumovirus. 


ij GENERAL TREATMENT CONSIDERATIONS 


Respiratory Support for 
Critically Ill Patients . 


Rapidly progressive respiratory failure with increased 
requirement of fraction of inspired oxygen to maintain oxygen 
saturation with ARDS should be admitted in critical care unit. 
Those patients who require invasive mechanical ventilatory 
support should be managed with low tidal volume (6 mL/ 
kg predicted body weight) lung protective ventilator strategy 
with plateau pressure «30 cmH,O as per Acute Respiratory 
Distress Network (ARDSNet) study.**Restricted fluid 
strategy to improve oxygenation and more ventilator free 
days.” In case of refractory hypoxemia prone ventilation, 
extracorporeal membrane oxygenation are recommended.” 
Noninvasive ventilation is not recommended in viral 
pneumonia, which is complicated by ARDS. 


Antibiotics 


Bacterial coinfection may occur with severe viral pneumonia. 
Based on local epidemiological and microbiological data, 
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empiric treatment for CAP as per published guidelines should 
be started till pending diagnostic tests.*° Antibiotics should 
not be used as a chemoprophylaxis for viral pneumonia. 


Steroids 


Moderate-to-high doses of systemic steroids are not recom- 
mended in viral pneumonia. They are of unproven benefit 
and potentially harmful.*' Low dose steroids should be 
considered in severe influenza with septic shock, but it 
requires further investigations. It is associated with delayed 
clearance of viruses? and invasive fungal infections. 


Antipyretics 


Give paracetamol (acetaminophen) as an antipyretic orally 
or by suppository. Avoid administration of salicylates in 
children and young adults (<18 years old) due to the risk of 
Reye's syndrome. 


Other Immunomodulating Therapies 


Case control studies suggested that use of plasma and 
immunoglobulin (intravenous immunoglobulin) have 
favorable response in HIN1 and H5N1 patients but needs 
further evaluation.“ Role of passive immunomodulating 
agents, like statins, gemfibrozil, and N-acetyl-L-cysteine 
requires further investigations.9^49.4 


H COMPLICATIONS AND 
a7 TREATMENT OF COMPLICATIONS” 


Pulmonary Complications 


Secondary Bacterial Pneumonia 


The most common bacteria responsible for bacterial 
pneumonia complicating influenza are Streptococcus 
pneumoniae, Staphylococci, and Haemophilus influenzae in 
a relative frequency. Chest X-ray reveals lobar infiltrates and 
the clinical course is typical of bacterial pneumonia. Usually, 
patients respond well to antibiotics. 


Mixed Viral and Bacterial Pneumonia 


Patient shows clinical features of both primary and secondary 
pneumonia. Causative organisms and treatment is similar 
like bacterial superinfection. 


Nonpulmonary Complications 
Myositis 


Myositis and myoglobinuria with tender leg muscles and 
elevated serum creatine phosphokinase levels have been 
reported, mostly in children but in adults as well.“ 
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Cardiac Complications 


Both myocarditis and pericarditis have been rarely associated 
with influenza A or B virus infection. 


Toxic Shock Syndrome 


This is characterised by generalised maculopapular rash 
which exfoliates along with fearures of septic shock. 


Central Nervous System Complications 


Guillain-Barré syndrome has been reported to occur after 
influenza A infection. Cases of transverse myelitis and 
encephalitis have occurred, rarely reported. 


Reye's Syndrome 


Reye's syndrome is associated with influenza B and varicella 
in children who received aspirin for febrile illness. The classic 
manifestations range from lethargy to delirium, obtundation, 
seizures, and respiratory arrest. Lumbar puncture reveals 
normal protein values and normal cell count. The most 
frequent laboratory abnormality is elevation of the blood 
ammonia value, which occurs in almost all patients. Influenza 
vaccination reduces the risks of Reye's syndrome. 


Chemoprophylaxis 


As per CDC, chemoprophylaxis should be started within 48 

hours of exposure. All four antiviral agents are effective: 

e Seasonal prophylaxis: Drug to be administered through- 
out epidemic exposure, generally 4-6 weeks 

e Family prophylaxis: Drug to be administered to all family 
members for a short period after recognition of index 
case in that family 

e Outbreak prophylaxis: During outbreaks, everyone in 
the institution should receive prophylactic therapy for 
2 weeks for termination of transmission 

e  Postexposure prophylaxis: Antivirals have been started 
within 48 hours of recent exposure and should be 
continued for minimum of 2 weeks. 


£ PREVENTION AND 
" VACCINATION'? (TABLE 4) _ 


The most important preventive measure for influenza 
infections is annual immunization as per CDC and IDSA 
guideline.?* Prevention of transmission requires early 
recognition of symptoms, prompt institution of appropriate 
transmission based precautions, and adherence to basic 
infection control practices such as hand hygiene. As per 
WHO guidance, use a particulate respirator like N95 with 
eye protection, gowns, and gloves while performing high 
risk aerosol generating procedures like bronchoscopy or 
any procedure involving aspiration of the respiratory tract. 
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TABLE 4 Influenza vaccination 


: Inactivated Live attenuated 

- influenza vaccine  : influenza vaccine 
, Type Killed virus Live attenuated 
; Route of intramuscular ; Intranasal spray 


: adminstration (anterolateral 


e ; aspect of the thigh) - 

Frequency Once a year Once a year 

; Age group |»6 months and “Healthy persons 

i : high risk conditions ; between 5 years 

: and 49 years age, 

Nonpregnanat and 

D f health care workers - 

, Signs and “No signs and | May produce, mild signs | 

: symptoms [symptoms — , and symptoms 


LASSEN Noto Enc e uf e 


| Contraindications ` History of severe — ; For the 2016-1 7 season, 
: allergic reaction to. ` Advisory Committee on ; 
! any component of Immunization Practices | 

| the vaccine ; recommends that live | 

| | attenuated influenza | 
i 

i 


; | vaccine not be used 


These isolation precautions should be continued for either 
7 days after the onset of illness or 24 hours after resolution 
of fever and respiratory symptoms, whichever is lenger. 
Respiratory isolation is not required for the respiratory 
viruses, which spread via fomites and large particle droplets. 
Immunosuppressed patients shed virus for a longer time 
period. They are also at increased risk for development of 
antiviral-resistant virus hence needs more attention! 


il CONCLUSION _ 


Viruses are the smallest infective agents which are omni- 
present. They have survived the evolution because of their 
ability to undergo mutations and alterations in their genetic 
structure. 

Viruses, as a cause of community acquired or nosocomial 
infection may be just a tip of the iceberg. Better availability 
of molecular diagnostics enables us to reassess all existing 
dogma in management of viral sepsis. Newer modalities 
should guide us in quicker diagnosis and appropriate antiviral 
drugs. Thus it can avoid unnecessary use of antibiotics and 
emergence of multidrug-resistance organisms. 
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CHAPTER 


Corticosteroids in Severe Community- 
acquired Pneumonia: Current Status 


Dilip R Karnad, Gauri Saroj 


& INTRODUCTION 


Pneumonia is one of the most common infectious diseases 
seen in hospital practice. Prognosis of pneumonia varies 
considerably from a mild self-limiting disease to a severe 
life-threatening condition. Up to 1096 of patients with 
community-acquired pneumonia (CAP) require intensive 
care unit (ICU) admission with an overall 28-day mortality 
of 12-36%;' mortality increases to 25% in patients requiring 
invasive mechanical ventilation and 28.8% if septic shock 
is present.” As in other severe bacterial infections, an 
excessive systemic inflammatory response is believed to 
contribute to mortality in pneumonia.? Corticosteroids can 
modulate inflammation, suppress the immune system and 
regulate stress response.’ Two recent studies suggest that 
corticosteroids may have a role in the treatment of CAP.) 
Wereview here the current evidence and recommendations 
for the role of steroids in CAP. 


jj CORTICOSTEROIDS IN 
jj INFECTION AND SYSTEMIC 
& INFLAMMATORY RESPONSE SYNDROME —. 


The innate immune response plays an important role in 
acute bacterial infections.*9" Cytokines play an essential 
role in clearing pathogens, repairing lung tissue, and 
modulating inflammatory response. During early infection, 
alveolar macrophages produce proinflammatory cytokines 
and chemokines such as tumor necrosis factor-a (TNF-a), 
interleukin (IL)-1, IL-6, IL-8, IL-12, and interferon-y (IFN-y). 
Proinflammatory cytokines help in recruiting neutrophils to 
the affected lung tissue? Neutrophils are then activated and 
phagocytize and kill ingested bacteria by producing toxic- 
free oxygen radicals and bactericidal enzymes. Neutrophils 
also recruit monocytes, dendritic cells, and T-cells to site 
of infection, which can further amplify the inflammatory 
response.'97 Once infection is controlled then anti- 
inflammatory cytokines, such as IL-10 and IL-4, will function 


to restore homeostasis, modulate neutrophil apoptosis, 
and inhibit proinflammatory cytokine production.*9" It is 
believed that an imbalance of the pro- and anti-inflammatory 
processes results in a deleterious effect leading to pulmonary 
endothelial barrier disruption, extravasation of protein-rich 
fluid and acute respiratory distress syndrome (ARDS).° 

Glucocorticoids are important immune-modulating 
drugs and play an important role in the treatment of many 
chronic inflammatory disorders. ^" They also play an 
important physiological role in the modulation of acute 
inflammation and have been tried in ICU patients with 
septic shock and ARDS with conflicting results. Infections in 
patients with adrenai insufficiency tends to be more severe 
and carries high mortality, suggesting that corticosteroids 
are important for a normal response in severe infections. 
Glucocorticoids play an important role in keeping the innate 
immune system ready to combat acute infections.*" In higher 
doses, corticosteroids inhibit production of various cytokines 
including IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, IL-12, INF-y, 
and TNF-a, thereby reducing their proinflammatory effect.*^? 
With prolonged use, they also suppress the adaptive immune 
response and predispose to secondary infections.*7? As a 
result of the complex role played by glucocorticoids in the 
host response to acute infections, the role of corticosteroids 
in infections has remained controversial. 


% STUDIES ON CORTICOSTEROIDS IN 
5; COMMUNITY-ACQUIRED PNEUMONIA 


Patients with severe CAP might die despite early and adequate 
antibiotic treatment, probably due to an imbalanced or dis- 
proportionate local and systemic inflammatory response, !®!} 
that contributes to the impairment of alveolar gas exchange, 
sepsis, and end-organ dysfunction.!35 Systemic adjunctive 


“corticosteroid therapy attenuates the local and systemic 


inflammatory response.?5 In humans, several small 
randomized controlled trials (RCTs) have been performed 
with the participants largely being hospitalized and 
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nonsevere CAP patients. The results of these trials have been 
negative or have demonstrated a reduction in the length of 
stay or in the time required to reach clinical stability but have 
not shown mortality benefit? Two important randomized 
clinical trials on corticosteroid in CAP have been recently 
published. 

Blum et al. in 2015 investigated the effects of short-term 
prednisone versus placebo in patients admitted to hospital 
for CAP with the primary endpoint of time to clinical 
stability? This placebo-controlled double-blind study 
recruited patients admitted to seven tertiary-care hospitals 
in Switzerland between 2009 and 2014. A total of 802 
patients were randomized within 24 hours of presentation 
to receive 50 mg of oral prednisone or placebo daily for 
7 days in addition to standard treatment? The primary 
endpoint was time to clinical stability defined stable vital 
signs 24 hours. Stable vital signs were temperature <37.8°C, 
heart rate «100 beats/min, spontaneous respiratory rate 
«24 breaths/min, systolic blood pressure 290 mmHg 
(2100 mmHg for patients diagnosed with hypertension) 
without vasopressor support, return of mental status back 
to level before occurrence of CAP, ability for oral intake and 
partial arterial pressure of oxygen (PaO2) 260 mmHg or 
pulse oximetry 290% on room air.? 

They found that a 7-day treatment with oral prednisone in 
patients with CAP led to a reduction in time to clinical stability 
by 1.4 days, an overall reduction of length of hospital stay by 


1 day-and to a reduction in duration of intravenous antibiotic- 


treatment by 1 day." The prednisone group hada higher rate of 
hyperglycemia. However, there was no difference in mortality 
or length of ICU stay, or rates of recurrence of pneumonia or 
readmission to hospital in the two groups." 

In another study published in the same year, Torres 
et al. reported the results of a randomized double-blind 
placebo-controlled trial conducted in three Spanish 
hospitals. The authors studied the effect of intravenous 
bolus of methylprednisolone (0.5 mg/kg every 12 hours for 
5 days) versus placebo started within 36 hours of hospital 
admission.! This study differed from the Blum study, in that, it 
included only patients with severe pneumonia as defined by 
the modified American Thoracic Society criteria or risk class 
V by the pneumonia severity index. Patients also had to have 
C-reactive protein (CRP) level of 2150 mg/L at admission. 
The primary endpoint in this study was a composite endpoint 
of early and late treatment failure.! 

Early treatment failure was defined as clinical deteri- 
oration within 72 hours of treatment (included development 
of shock, need for invasive mechanical ventilation not present 
at baseline or death). Late treatment failure was defined as 
radiographic progression (increase of 250% of pulmonary 
infiltrates compared with baseline), persistence of severe 
respiratory failure (ratio of PaO, to fraction of inspired 
oxygen «200 mmHg, with respiratory rate 230 breaths/min 
in patients not intubated), development of shock, need for 
invasive mechanical ventilation not present at baseline 


or death between 72 hours and 120 hours after treatment 
initiation. Interleukin-6, IL-8, 1L-10, procalcitonin, and CRP 
levels were studied on days 1, 3, and 7.! 

Early treatment failure was comparable (10%) in both 
groups. Late failure was more common in the placebo group 
(25%) versus 3% in the steroid group (p = 0.001); this was 
mainly accounted for by radiographic progression (15 vs. 
2%, p = 0.007). There was no difference in time to clinical 
stability, length of hospital and [CU stay, and inhospital 
mortality (15% with placebo vs. 10% in the steroid group, 
p=0.37).! 

Both these studies had certain limitations. A large number 
of patients in the Blum study had mild pneumonia.^? In 
both studies, the recruitment period extended for several 
years (5 years in the Blum study and 8 years in the Torres 
study).!>3 In both studies, only 25-35% of patients with 
pneumonia admitted during this period were eligible for the 
study.'^A higher proportion of patients in the Torres study in 
the placebo group had shock at baseline and only about 25% 
of patients in both groups received macrolide antibiotics for 
pneumonia.? Finally, both studies used surrogate endpoints 
rather than hard endpoints like mortality.!^ 


Implications of These Studies 


Commenting on this study in an accompanying editorial, 
Wunderlink observed that the results of the Torres study 
suggest that the main effect of corticosteroids is to prevent 
radiological progression.’ Radiographic progression 
could occur due to uncontrolled pneumonia or due to 
development of ARDS. It is unlikely that corticosteroids 
will prevent worsening of infection. A more plausible 
explanation for radiological worsening may be due to a 
Jarisch-Herxheimer-like reaction, due to high concentrations 
of cytokines after initiation of antibiotics, possibly through 
release of endotoxin or other bacterial mediators in patients 
with a high bacterial load.’ Corticosteroids may block this 
phenomenon, equivalent to the use of corticosteroids in 
meningococcal meningitis.? However, Wunderlink cautions 
that corticosteroids are not recommended for everyone with 
severe CAP as yet.? 

A recent meta-analysis published after these two RCTs 
included six trials that included patients with severe CAP and 
six trials with less severe pneumonia.” The corticosteroid 
used included dexamethasone, prednisolone, prednisone, 
methylprednisolone, and hydrocortisone, while the duration 
of treatment ranged from 1 to 10 days." This meta-analysis 
revealed that the risk ratio [95% confidence interval (CI)] for 
mortality for steroid treatment was 0.39 (0.2-0.77) for severe 
pneumonia, 1.0 (0.79-1.26) for less severe pneumonia. The 
relative risk (RR) forthe need for mechanical ventilation was 
0.54 (0.5-0.58) for severe and 0.18 (0.08-0.43) for less severe 
pneumonia and for development of ARDS 0.24 (0.1-0.56).!? 
Steroids increased the risk of hyperglycemia (RR 1.49, CI 
1.01-2.19), but not for gastrointestinal hemorrhage." 
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Thus, current knowledge suggests that corticosteroids 
are useful in treatíng severe CAP and can help to decrease 
treatment failure and, possibly, mortality. However, it should 
be. noted that many of the studies excluded patients with 
diabetes and those with H1N1 influenza pneumonia. 


5 CORTICOSTEROIDS IN H1N1 PNEUMONIA 


Seasonal influenza is an acute respiratory disease that 
presents with sudden onset of high fever, upper respiratory 
tract symptoms, chills, myalgia, and gastrointestinal tract 
symptoms.'* Infection rarely induces symptoms of lower 
respiratory tract infections or severe lung injury. However, 
pandemic HINI-infected patients present with fever, cough, 
and sore throat, and the most severe case rapidly develop 
bilateral pneumonia, severe ARDS, multiple organ failure, and 
death." It affects young individuals disproportionately and 
epidemiological studies suggest that pregnant women and 
‘obese patients were more susceptible to severe infection. 

In a retrospective analysis of data of 245 critically ill 
patients with HINI1 infection including 136 with ARDS 
from South Korea, Kim et al. reported an overall mortality 
was 43.6965 Patients who received steroids had higher 
mortality than patients who did not received steroids, even 
after propensity-adjusted analysis.’ Patients on steroids also 
had longer duration of mechanical ventilation and ICU stay, 
and more bacterial pneumonia or invasive fungal infections. 
Brun-Buisson et al. evaluated 208 patients with severe 
HINI infections and ARDS in a multicenter study in France; 
steroids were administered to 39.9966 After statistical 
techniques to adjust for differences in steroid-treated and 
nonsteroid-treated patients, steroid use was significantly 
associated with death; the effect was more pronounced in 
patients receiving early steroid therapy.! A meta-analysis of 
nine cohort studies (n = 1,405) and 14 case-control studies 
(nz 4,700) showed an increased mortality with corticosteroid 
treatment in influenza H1N1 infection with a risk ratio of 1.85 
(9595, CI 1.46-2.33) for cohort studies and 4.22 (9595, CI 3.10- 
5.76) for case-control studies.!? 

The literature on corticosteroids in HIN] infection thus 
shows that corticosteroids may actually increase overall 
mortality. Moreover, data also suggest that corticosteroids 
use is associated with higher incidence of hospital-acquired 
pneumonia and longer duration of mechanical ventilation 
and ICU stay. It is possible that steroids may delay viral 
clearance and ultimately increase mortality. The role of 
steroids in other viral pneumonias (adenovirus, rhinovirus, 
and respiratory syncytial virus) has been less well studied.'* 


# CORTICOSTEROIDS AND 
* PNEUMONIA IN CHRONIC . 
# OBSTRUCTIVE PULMONARY DISEASE 


Inhaled corticosteroids are widely used in chronic obsiructive 


126 pulmonary disease (COPD) and have been linked with an 


increased risk of pneumonia, but do not increase mortality. '? 
The mechanisms of the increased risk of pneumonia with 
inhaled corticosteroid use remain undetermined, but might 
include impaired: macrophage function, reduced bacterial 


-adherenceinthelarge airwaysand alteration ofthe pulmonary 


microbiome.'? Unproven strategies to reduce pneumonia 
risk in patients with COPD include discontinuing inhaled 
corticosteroids, reducing dose of inhaled corticosteroid, and 
changing type of inhaled corticosteroid.'® 


^ CORTICOSTEROIDS IN 
PNEUMOCYSTIS JIROVECI PNEUMONIA —. 


Administration of corticosteroids within the first 72 hours 
of anti-Pneumocystis jiroveci treatment helps to prevent 
respiratory failure and death in AIDS patients. The standard 
approach is to use oral prednisone for 21 days (40 mg twice 
daily on days 1-5, 40 mg once daily on days 6-10 and 20 mg 
once daily on days 11-21).!° Patients who are severely ill or 
unable to take oral medication may be given an equivalent 
dosage of intravenous methylprednisolone (75% of the oral 
dose of prednisolone).? The risk of reactivating tuberculosis 
(TB) or acquiring another infection appears to be minimal. A 
Cochrane review that included six RCTs showed that the risk 
ratio for overall mortality favoring adjunctive corticosteroids 
were 0.56 (95%, CI 0.32-0.98) at 1 month and 0.68 (95%, 
CI 0.50-0.94) at 3-4 months of follow-up. Only three trials 
provided data on the need for mechanical ventilation with 
a risk ratio of 0.38 (95%, CI 0.20-0.73) in favor of adjunctive 
corticosteroids.” 


E CORTICOSTEROIDS IN TUBERCULOUS 
; PNEUMONIA AND MILIARY TUBERCULOSIS. 


Adjunctive corticosteroid therapy can be used to relieve 
the severe systemic and respiratory morbidity of advanced 
pulmonary TB.?'?* Radiographically evident abnormalities, 
other than cavities, usually resolve faster with corticosteroid 
usage, although the benefit to the patient is uncertain and 
with no reduction in chronic respiratory disease or death.?! 
Given adequate chemotherapy with two or more effective 
antituberculous agents, adjunctive corticosteroid use does 
not appear to delay the time to conversion of sputum culture 
to negative?! Dosages of prednisone of 40-60 mg/day (or 
equivalent) tapered over 4-8 weeks have been shown to be 
effective?! Currently available data does not justify use of 
corticosteroids in all patients with pulmonary TB, but RCT in 
patients with pulmonary TB are warranted.” 

Associated adrenal insufficiency is an absolute indi- 
cation for the administration of adjunctive corticosteroid 
treatment. However, adjunctive corticosteroid treatment 
is considered to be beneficial with TB meningitis, large 
pericardial effusion, miliary TB, immune reconstitution 
inflammatory syndrome, ARDS, and hemophagocytic 
syndrome.? ^4 
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; CONCLUSION 


Use of corticosteroids in CAP has been associated with 
decreased time to clinical stability and duration of 
hospitalization, but data from individual clinical trials with 
steroids do not suggest mortality benefit in CAP patients. 
However, a meta-analysis of all randomized trials suggests a 
mortality benefit in patients with severe CAP. 

The main adverse effect observed in RCTs was hyper- 
glycemia. 

There is no consensus on which medication, dose, route 
or frequency is preferred. 

Immunosuppressed patients, pregnant women, patients 
with recent gastrointestinal hemorrhage and diabetics were 
excluded in many trials and the benefit in this population is 
unproven. 

Corticosteroid use in pneumonia due to influenza virus, 
especially the pandemic HINI strain, has been associated 
with increased mortality. 
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BINTRODUCTION . |. 


Modern day critical care practice for respiratory distress 
mainly revolves around managing hypoxemic respiratory 
failure, but there are certain subset of patients who are 
admitted to intensive care unit (ICU) either for hypercapnic 
respiratory failure or develop it during their ventilator 
management for any other condition. These patients 
are either an acute exacerbation of chronic obstructive 
pulnonary disease (COPD) or patients developing 
“permissive hypercapnia” as a part of lung-protective 
ventilation (LPV) with low-tidal volume (LTV) strategy for 
acute respiratory distress syndrome (ARDS). The concept of 
LPV with LTV as per the ARDS Network (ARDSNet) protocol 
has been shown to be beneficial although associated with 
respiratory acidosis termed as permissive hypercapnia. The 
failure to implement LPV may be one of the reasons ICU 
mortality rates have remained unchanged.! When surveyed, 
healthcare providers reported that hypercapnia or its related 
effects were significant barriers to achieving LPV? 
Hypercapnia might have beneficial effects on oxygen 
delivery and attenuation of inflammation, but it can also 
harm the injured lung through immunosuppression and 
impaired pulmonary epithelial repair.’ Furthermore, 
hypercapnia perpetuates right heart failure® by increasing 
pulmonary arterial pressure and leading to cor pulmonale. 
Hypercapnia is also undesirable in patients with elevated 
intracranial pressure. Thus the modern critical care practice 
in managing such patients is to balance the maximal use 
of LPV while avoiding the metabolic deleterious effects of 
hypercapnia. To achieve this goal, the use of extracorporeal 
carbon dioxide removal (ECCO,R) devices has come in use. 


ff PROBLEMS WITH HYPERCAPNIC ACIDOSIS 


Cellular and Metabolic Effects 


The theory of achieving LPV at the cost of hypercapnia has 
been practiced to avoid the ventilation-induced lung injury 


induced by delivering high-tidal volumes. It was thought 
earlier that acidosis decreased the levels of proinflammatory 
mediators and decreased the levels of free radicals and 
cytokine-induced injury, but recent studies have shown 
that systemic metabolic acidosis may be beneficial but not 
hypercapnia-induced acidosis." 

Recent studies have confirmed that carbon dioxide (CO;) 
can also act as a signaling molecule via pH-independent 
mechanisms, leading to deleterious effects in the lung. 
These effects include inhibition of cell membrane repair, 
impairment of alveolar fluid clearance, and suppression of 
innate immunity and host defense. There is also evidence 
that increased CO, levels impair the sodium, potassium 
adenosine triphosphatase function. These reports suggest 
that the beneficial effect of hypercapnia need to be 
relooked and we need to find ways to decrease the CO, 
accumulation.5? 


Effect on Pulmonary Hemodynamics 


Hypercapnia induces pulmonary vasoconstriction, which 
leads to increased pulmonary artery (PA) pressure in ARDS. 
This increased PA pressures leads to right ventricular failure 
leading to de novo cor pulmonale in patients with ARDS. 
Impaired right ventricle function in early stage ARDS may 
be underdiagnosed and yet it might be the harbinger of a 
downward spiral in the patient's condition.!? 


$ DEFINITION OF EXTRACORPOREAL 
CARBON DIOXIDE REMOVAL — 


Itis a technique of partial respiratory support that achieves 
removal of CO, from the blood through a low blood flow 
(0.4-1 L/min) extracorporeal circuit, without significant 
effect on blood oxygenation. The major difference with 
extracorporeal membrane oxygenator (ECMO) is that in 
ECMO high blood flows of up to 3-7 L/min are used and 
there is significant improvement in oxygenation and CO, is 
also removed. 
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- THE PRINCIPLE OF EXTRACORPOREAL 
~ CARBON DIOXIDE REMOVAL 


The basic principle of ECCO,R is CO, removal without any 
major change in oxygenation. In its basic form, ECCO,R 
consists of a drainage cannula placed in a large central vein, a 
pump, a membrane lung, and a return cannula (Fig. 1). 

Blood is pumped through the membrane “lung” and CO, 
removal is facilitated by diffusion mechanism. A low flow 
of gas is given as a counter current to ensure the diffusion 
gradient favors CO, removal as these membranes are 
permeable to gases only and not to liquids. 

Compared to ECMO, these devices work on low blood 
flows. Most of the CO, is transported as dissolved bicarbonate 
and displays linear kinetics without saturation. So, 1 L of 
blood carries more CO, compared to O, and 250 mL of CO, 
can be removed from <1 L of blood. However, in practice, 
the CO, removal depends on blood flow, sweep gas flow, 
and hemoglobin apart from the efficiency of the membrane 
“lung” The CO, removal displays a biphasic pattern with an 
initial rapid decline due to removal of dissolved CO, and then 
later a more steady removal of CO, released from dissolved 
bicarbonate. Through the ECCO,R, a proportion of the total 
CO, production is cleared to allow reduction of mechanical 
ventilation (MV) and allow “lung rest! 


E THE MEMBRANELUNG on pede 


The introduction of membrane lungs has made extra- 
corporeal gas exchange more feasible. The concept of 
placing a barrier between blood and air began with 
the observation that gas exchange occurred across 
cellophane tubing in hemodialysis machines.!?!? This led 
to the development of membrane lungs consisting of gas 
permeable silicon-rubber mounted on a nylon mesh.'^ The 
nylon mesh provided strength and avoided plasma leakage 
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FIG, 1: Scheme of extracorporeal carbon dioxide removal 


from pinhole defects. Nowadays, the nonmicroporous poly- 
4-methyl-1-pentene has been used; it provides superior gas 
exchange, better biocompatibility, and lower resistance and 
is less susceptible to plasma leak. 

The modern membrane lungs achieve adequate gas 
exchange with surface areas of 1-3 m°. 

The amount of gas, which crosses the membranes, 
depends on the diffusion gradient, the membrane-blood 
contact time, and the membrane diffusion characteristics. 
The CO, diffusion gradient is determined by the CO, content 
of the blood and the air passing through the membrane lung 
as well as the speed of the airflow. Membrane-blood contact 
time is determined by membrane geometry. The addition of 
covalently bound heparin to membrane surfaces enhances 
the biocompatibility and gas exchange has been improved by 
arranging fibers into a complex mat and running blood on 
the outside! (Fig. 2). This arrangement allows perpendicular 
blood flow to the fibers, improving mass transfer by reducing 
the diffusion path length compared to parallel flow. 


$t TYPES OF EXTRACORPOREAL 


( CARBON DIOXIDE REMOVAL SYSTEMS — 


Traditionally, 'ECCO,R systems can be categorized .as 
arteriovenous ECCO,R (AV-ECCO,R) or venovenous ECCO,R 
(VV-ECCO,R) depending upon the site of access cannula. 


Arteriovenous Carbon Dioxide 
Removal Devices 


In AV-ECCO,R, blood flow is achieved by an arterial pressure 
and the blood is returned in a venous system. The machine 
runs with a pumpless system as the force is generated by the 
arterial pressure of the patient. For this system, one cannula 
is placed in the femoral artery and the return cannula is 
placed in the femoral vein. The venous cannula is usually 
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FIG. 2: Membrane lung 
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larger than the arterial cannula. The major disadvantage is 
the placement of a large-bore arterial cannula, which can 
damage the arterial wall and can cause limb ischemia. In a 
reported series, distal ischemia occurs in 11-24% of cases. ^ 
The risk of ischemia relates directly to the diameter of the 
arterial cannula. It is recommended that ultrasound of the 
artery is done prior to-cannulation to ensure that the arterial 
lumen is atleast 1.5 times the size of the arterial cannula. 

Arteriovenous ECCO,R is commercially available through 
Novalung and marketed as the interventional lung assist 
(iLA) membrane ventilator (Fig. 3). 

Novalung, utilizes a low resistance design allowing blood 
flow using the patient’s own arteriovenous pressure gradient. 
As this is a pumpless system, the arteriovenous pressure 
gradient required would be >60 mmHg, which makes it an un- 
suitable modality in hemodynamically unstable patients. ^? 


Venovenous Carbon Dioxide Removal Devices 


Venovenous devices require the insertion of cannula in two 
venous vessels and also require a mechanical pump to propel 
the blood through the extracorporeal circuit. 

The cannula used for these devices are similar to the 
dialysis catheters. They are double lumen, wire reinforced, 
and coaxial cannula between 13 Fr and 19 Fr. The most 
common sites for insertion are internal jugular and femoral 
vein.? The complications encountered in this approach are 
the same as for any other central line insertion like arterial 
puncture, hematoma at local site, false tract, and injury to the 
surrounding structures.?? 

These cannulas may be inserted under ultrasound 
guidance as per the Seldinger technique. The aseptic 
precautions have to be maintained during the entire 
procedure of cannula insertion. As some ofthe catheters are 
not heparin coated, so systemic heparinization or flushing 
the catheters with heparinized saline is required at the time 
of cannula insertion. 


Connects to cannula placed 
in femoral artery 


Connects to cannula 
placed in femoral vein 


FIG. 3: Interventional lung assist membrane ventilator 


Pumps 


All venovenous systems require a mechanical pump for 
propelling the blood. These mechanical pumps can be “roller 


or peristaltic” (older version) or the “rotary pumps’ The 


roller pumps were cheap and reliable, but were more prone 
to hemolysis. To overcome these issues, the newer rotary 
pumps have been introduced. 

The rotary pumps can be of two types: (i) centrifugal 
and (ii) diagonal flow pumps. Centrifugal pumps use a 
radial-rotating impeller to create a stiction vortex that draws 
biood into the center of the pump and spins it outwards, 
imparting centrifugal momentum, which is converted into 
driving pressure. In diagonal flow pumps, impeller design is 
a mix of radial and axial geometry. Centrifugal pumps tend 
to generate high pressures and low flows, whereas diagonal 
pumps produce both high flows and high pressures.?! 

These impellers are then connected to the drive 
shaft, which requires bearings to support the rotational 
movement. The movement of these typical bearings can 
seize when the coagulation debris deposits on them when 
the blood comes in contact with these bearings. To prevent 
this complication, some pumps use a seal to avoid this 
coating of coagulation debris and, hence, preventing the 
hindrance in rotary movement. Others have also tried to 
use biocompatible materials to construct such bearings. 
The recent and the most advanced form of impellers are 
surrounded by an electromagnetic field and thus avoiding 
the need for any drive shaft and bearings required for 
the rotary movement of this shaft; hence, preventing the 
generation of coagulation debris. 


Decap Device 


The Decap* ECCO,R device is a modified renal replacement 
circuit incorporating a neonatal membrane lung coupled 
in series with a hemofilter. Venous access is achieved by 
insertion of a double-lumen 14 Fr hemodialysis catheter in a 
femoral vein under Seldinger technique (Fig. 4). 

Blood flow is driven by a roller nonocclusive low-flow 
pump (maximum flow 450 mL/min) through a membrane 
lung connected to a fresh gas flow source delivering 10096 
oxygen at a constant rate of 4-6 L/min. Exiting the membrane 
lung, blood is driven to an hemofilter and the resulting 
plasmatic water is recirculated through the membrane lung 
by a peristaltic pump (0-155 mL/min). The circuit, including 
the membrane lung, is primed with saline at a volume that 
ranges between 140 mL and 160 mL. The new concept 
introduced by this newly designed technique is that the 
membrane lung and the hemofilter are coupled in series. 
The risk of air-bubble formation is reduced by this unique 
configuration of membrane lung in series with hemofilter, 
which is downstream and thus increasing the downstream 
resistance. This configuration also minimizes the need 
for heparin by diluting the blood entering the membrane 
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FIG. 4: Decap system 
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FIG. 5: Cross-section of Hemolung showing rotating core 


lung by recirculating the plasmatic water separated by the 
hemofilter, hence, producing a performance enhancement 
of the extracorporeal device extracting the carbon dioxide 
dissolved in the plasmatic water separated by the hemofilter 
and recirculated through the membrane lung.” 


Hemolung (Fig. 5) 


_This device has been developed by Alung Technologies, where 


the membrane lung and centrifugal pump are combined 
together acting as one unit. In this device, the blood is drawn 
via a rotating impeller and the center of the core rotates to 
propel the blood toward the peripheral fibers. This process 
is named as active mixing. This creates disturbed blood flow 
and, hence, reducing diffusional resistance and increasing 
gas exchange. As a result, CO, removal is more efficient and 
achieved with a smaller membrane surface area and flows of 


400-600 mL/min. So such a phenomenon can be achieved 
by a smaller double-lumen catheter. The smaller membrane 
surface area, siloxane coating for plasma resistance, and 

covalently bound heparin result in lower anticoagulation 
requirements.” Gas flow through the membrane lung is 
supplied under negative pressure, a safety feature preventing 
air embolism, if the membrane is disrupted. 


.. CLINICAL EVIDENCE IN 
SUPPORT OF EXTRACORPOREAL 
CARBON DIOXIDE REMOVAL 


Regardless of whether the AV or VV approach is used, 
ECCO,R devices can remove enough CO, to allow a 5096 
reduction in minute alveolar ventilation,? with significant 
reduction in partial arterial pressure of carbon dioxide 
(PaCO,) and consequent reduction in PA pressure. This 
causes improvement in right ventricle-arterial coupling and, 
hence, reduction in incidence of cor pulmonale. 

The studies have shown that a reduction in one-third of 
basal CO, production by the help of ECCO,R devices at a low- 


flow rate can help in reduction of need of invasive ventilation , 


and shifting the patient to noninvasive ventilation (NIV).?*?5 
More recent series in humans have demonstrated consistent 
evidence that PaCO, can be reduced and arterial pH due to 
respiratory acidosis improved using ECCO,R.”° 


& CURRENT PRACTICE AND 
EVIDENCE OF EXTRACORPOREAL 
€ CARBON DIOXIDE REMOVAL. 


The current evidence of ECCO,R is mostly based on 
observation studies or anecdotal case reports. There 
has been no randomized controlled trials (RCTs) on this 
modality. The interpretation of such studies is difficult as 
the inherent bias of selection and publication cannot be 
ruled out. Although ECCO,R has not become standard of 
care in the critical care practice, but there is a large scope for 
its utility when it comes to prevention of hypercapnia and 
avoiding the deleterious effects of respiratory acidosis. The 
current evidence has been shown in the following subset of 
patients. 


Acute Respiratory Distress Syndrome 


Mechanical ventilation with LIV to limit the plateau 
pressures «30 mmHg to prevent ventilator-induced lung 
injury has become standard of care and has been shown to 
reduce mortality in ARDS patients. This ventilator strategy 
has been associated with increase in CO, levels termed as 
permissive hypercapnia leading to respiratory acidosis. This 
acidotic state been implicated to increase the pulmonary 
vascular resistance leading to RV failure and development 
of cor pulmonale. In these patients, the addition of ECCO;R 
may aliow control of hypercapnic respiratory acidosis and 
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facilitate ultraprotective ventilation, thereby limiting end- 
inspiratory lung stretch. 

Morris et al. in a randomized trial showed that in patients 
with severe ARDS full ECCO,R (meaning 100% CO, removal) 
compared to conventional MV had a lower mortality of 
33% versus 42% for the control group.2’ In the prospective 
randomized “Xtravent-study’, it was demonstrated that use 
of very LTV (3 mL/kg predicted body weight) combined with 
ECCO,R with an arteriovenous configuration was safe and 
beneficial in patients with severe ARDS in terms of 28 and 
60 ventilator-free days, but not mortality.” 

A systematic review of 14 studies (495 patients, 2 RCTs, 
and 12 observational studies) with equal split between 
AV- and VV-ECCO,R showed that ECCO,R was feasible, 
facilitating the use of LTV ventilation. Post hoc analysis was 


‘conducted and it showed an increase in ventilator-free days 


in patients with more severe ARDS, but the data failed to 
show any mortality benefit? 

Looking at all these data, it seems reasonable to combine 
ECCO,R with ultraprotective or LTV ventilation, when patient 
starts developing hypercapnia. Although there has been 
no evidence of mortality benefit, but we need more robust 
data to document it. We still do not know, which patient 
subset would benefit from ECCO,R, but probably patients 
with severe ARDS with PaO,/FiO, «100 mmHg should be 
benefited. 


Chronic Obstructive Pulmonary Disease 


Patients who present with acute exacerbation of COPD are 
initially managed with NIV failing which the need for invasive 
ventilation arises. Patients requiring invasive ventilation have 
weaning difficulty and the concern that the mortality for 
patients who require invasive MV after failing NIV has been 
shown to be higher than those, who are treated at the outset 
with invasive MV.!! 

The rationale of avoiding invasive MV in this population 
is justified by the worse outcomes seen in patients who fail 
NIV. For this reason, ECCO,R is being considered as an 
adjunctive therapy to NIV to facilitate the withdrawal of NIV, 
avoid intubation or facilitate early extubation. The feasibility 
ofusing VV-ECCO,R for acute hypercapnic respiratory failure 
due to COPD exacerbations has been demonstrated in several 
cohort studies,”*° 

A recent study by Burki and colleagues reported the 
utility of VV-ECCO,R using a double lumen catheter in COPD 
patients who were on NIV and the target was avoidance of 
invasive MV.® Within 6 hours of application, the pH and 
PaCO, decreased. A feasibility study was conducted by 
Abrams et al. to facilitate endotracheal extubation and 
weaning in patients with COPD who failed NIV. All patients 
were successfully extubated and mobilized within 24 hours 
of extubation.?! 

In summary, the arguments for ECCO,R in exacerbations 
of COPD are compelling. In patients, who are failing NIV and 


TABLE 1 Complications of ECCO,R 

Complications «< | | AV-ECCO2R | 
Bleeding during Cannula insertion 0% 1.9% 
` Compartment syndrome 0% 19% 
ischaemia of limb 0% D 990 .— 
Malfunction of extracorporeal pump : : 5.6% E IH 096 

Exchange membrane thrombosis ` 16.796 Not reported 
; Thrombosis of cannula  ; 16.7% | 19% | 


AV-ECCO,R, arteriovenous — carbon dioxide removal; VV-ECCO,R, 
venovenous extracorporeal carbon dioxide removal 


who do not want intubation as well as palliative care, ECCO;R 
seems a reasonable approach.” 


= COMPLICATIONS WITH EXTRACORPOREAL 
. CARBON DIOXIDE REMOVAL 


The complications of both VV- ECCO,R and AV- ECCO,R 
should be looked separately due to different configuration 
and site of access cannula (Table 1)? 


E CONCLUSION — 


Extracorporeal carbon dioxide removal is not a new concept, 
but it is an area of expanding interest. As evidence favoring 
low volume, low-pressure ventilation in ARDS is established 
the trend of applying these ventilation strategies in all 
critically ill patients will increase the use of extracorporeal 
modalities for CO, removal. 

Simpler more efficient ECCO,R devices requiring lower 
blood flow rates and smaller access cannulas promise to 
improve safety and ease of use. Newer novel concept, such 
as the Decap, can serve the dual purpose of renal support 
and ECCO,R. One needs to be aware of the potential 
complications of ECCO,R when considering patients for 
extracorporeal support. 

Although these devices have still not been accepted 
as standard of care in management of respiratory acidosis 
in patients with ARDS or acute exacerbation of COPD, 
familiarity with devices already available can change our 
approach to ARDS. 
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Extracorporeal Membrane Oxygenation 
in Acute Hypoxemic Respiratory Failure: 
Current Status in India 


Sandeep Dewan, Munish Chauhan, Madhur Arora 


INTRODUCTION —— a 
The use of adult Extracorporeal Life Support (ECLS) for 
hypoxic respiratory failures is a fairly recent addition to the 
armamentarium of an intensivist. Its usage picked up pace 
worldwide after the 2009 HINI1 epidemic. Conventional 
ventilation or ECMO for Severe Adult Respiratory failure 
(CESAR) trial! published in 2009 showed the evidence 
that these patient have better survival if managed on 
extracorporeal membrane oxygenation (ECMO). The 
evidence” related to its indications and contraindications 
has been growing and so also its outcomes. It has led to 
the development of uniform criteria?® for institution of the 
modality and has been aided by better prediction models like 
Murray score! (for Lung Injury) or new definitions [Berlin 
definition acute respiratory distress syndrome (ARDS)].? 
Newer models to predict outcomes on respiratory ECMO 
are also available [Respiratory Extracorporeal Membrane 
Oxygenation Survival Prediction (RESP) score]? The same 
cannot be said about the modality in Indian intensive care 
units (ICUs). Very few centers actually use it in a protocolized 
manner or have handled a great volume of cases. The data 
is scarce regarding the number of ECMO runs in Indian 
centers. This article will discuss the basics of this modality 
and the current status in India, emphasizing the need to look 
at it with greater perspective as a lifesaving modality butin an 
organized manner. 


Ej TYPES OF EXTRACORPOREAL 
j MEMBRANE OXYGENATION^" (TABLE 1) — 


The two basic types of ECMO are venoarterial (VA) and 
venovenous (VV) (Figs 1 and 2). This terminology describes 
the direction of blood flow. The outflow is always venous, but 
the inflow can be arterial (VA) or venous (VV). Outflow of 
blood in VA and VV ECMO is from the right atrium through 
a catheter placed through the femoral veins or right internal 


Venovenous extracorporeal membrane oxygenation 
TABLE 1 versus venoarterial extracorporeal membrane 
oxygenation 


| Venoarterial 


Venovenous  . 


| e Only supports lungs ie Both heart and lung 

| Onlyvenous cannulation | supported 

| « ECMO circuitisinseriesto | * Both venous and arterial 

| heart and lungs cannulation 

| e Minor cardiac implications: | ° ECMO circuit isin parallelto — 
| © Limited toa closed loop heart and lungs | 


i 


on venous side ! e Decreases the RV preload and | 
o No effect on RV/LV pre- | thus pulmonary circulation 
and afterload i * Increases LV afterload 


o LV stunning 
Can be used in RV failure 


Decreases arterial Pulse 
pressure: non Pulsatile flow 
and its implications 


Not of use in RV failure 

| e RVafterload may decrease 
i Sometimes: improves 
oxygenation 


RV, rightventricle; LV, left ventricle; ECMO, extracorporeal membrane oxygenation. 


jugular vein. In older patients, other venous sites have been 

used. 

e Venoarterial ECMO takes deoxygenated blood from a 
central vein or the right atrium commonly via the femoral 
vein or internal jugular, pumps it past the oxygenator, and 
then returns the oxygenated blood, under pressure, to the 
arterial side of the circulation, typically to the aorta via 
the femoral artery. This form of ECMO partially supports 
the cardiac output as the flow through the ECMO circuit 
is in addition to the normal cardiac output. It is in parallel 
to native circulation 

e Venovenous ECMO takes blood from a large vein (mostly 
femoral) and returns-oxygenated blood back to a large 
vein (mostly jugular). Venovenous ECMO does not 
support the circulation. It takes over partially the lung 
function and acts in series to native circulation. 


ion. 


Retum: 
Oxygenated blood 


Drainage: 
Deoxygenated blood 


FIG. 1: Simplified venovenous extracorporeal membrane oxygenation circuit (Femoral-Jugular) 


Femoral artery 


Retrun: Oxygenated blood 
Int. jugular vein 


Drainage: Deoxygenated 
femoral veins 


FIG. 2: Configurations of venovenous and venoarterial extracorporeal membrane oxygenation circuit 


£ INDICATIONS? — —. 


Extracorporeal Membrane Oxygenation 
Indications for Respiratory Support 


Both VV ECMO and VA ECMO can be used as a rescue therapy 
in acute respiratory failure to buy time and allow the lungs to 
heal in the meantime by maintaining the physiology as near 
normal as possible. Extracorporeal membrane oxygenation is 
used to provide oxygenation and CO, removal, or both while 
the lungs and the primary disease recover, or as a bridge to 


transplant in case of end-stage lung disease. 


Severe ARDS: 

o Severe bacterial or viral pneumonia 

o Aspiration syndromes 

Extracorporeal assistance to provide lung rest: 
o Airwayobstruction 

o Pulmonary contusion 

o Smoke inhalation 

Lung transplant: 

o Primary graft failure after lung transplantation 
o Bridge-to-lung transplant 

Lung hyperinflation: 

o Status asthmaticus 
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* Pulmonary hemorrhage or massive hemoptysis 
* Congenital diaphragmatic hernia and meconium 
aspiration. 


Extracorporeal Membrane Oxygenation for 
Cardiac Support (Venoarterial ECMO Only) 


Refractory low-cardiac output (cardiac index «2 L/min/m?) 
and hypotension (systolic blood pressure <90 mmHg) despite 
adequate intravascular volume, high-dose inotropic agents 
and with/without intra-aortic balloon pump. 
e Cardiogenic shock: 
© Acute coronary syndrome 
o Refractory cardiac arrhythmias 
o Sepsis with profound cardiac depression 
o Drug overdose/toxicity with profound cardiac 
depression 
o Myocarditis 
o Pulmonary embolism (PE) 
o Isolated cardiac trauma 
e Postcardiotomy: Inability to wean from cardiopulmonary 
bypass after cardiac surgery 
* Post-heart transplant: Primary graft failure after heart or 
heart-lung transplantation 
* Chronic cardiomyopathy: 
o Asa bridge to longer term ventricular assist device 
(VAD) support 
e Periprocedural support for high-risk percutaneous 
cardiac interventions 
e Bridge to transplant. 


Contraindications to 
Extracorporeal Membrane Oxygenation*>" 


Absolute 


Among these futile treatments without exit strategy in case of: 

e Unrecoverable heart and not a candidate for transplant or 
destination therapy of VAD support 

e Disseminated malignancy 

* Known severe brain injury 

* Unwitnessed cardiac arrest 

e Prolonged cardiopulmonary resuscitation (CPR) without 
adequate tissue perfusion 

* Unrepaired aortic dissection 

* Severe aortic regurgitation 

e Severe chronic organ dysfunction (emphysema, cirrhosis 
and renal failure) 

* Compliance (financial, cognitive, psychiatric, or social 
limitations in patient without social support) 

* Peripheral vascular disease is contraindicated in 
peripheral VA ECMO 

* Venovenous ECMO is contraindicated, if the patient is on 
mechanical ventilation at high settings (FiO, >0.9, P 


plat 
>30) for 7 days or more 


e Venovenous ECMO is contraindicated in cardiogenic 
failure and in severe chronic pulmonary hypertension 
(mean pulmonary artery pressure >50 mmHg). 


Relative 


e Contraindication for anticoagulation, advanced age, and 
obesity. 


COMPLICATIONS OF EXTRACORPOREAL 
MEMBRANE OXYGENATION5?? 


Extracorporeal membrane oxygenation is fraught with 
complications, minor-to-major, related to the modality 
or the primary disease itself. It is generally accepted that 
respiratory VV ECMO has less complications than cardiac 
VA ECMO, the highest rate being for extra-CPR. Most 
frequent is hemorrhage,!! especially surgical site and others, 
some requiring even surgery (VA 34%; VV 17%).! Forty 
three percent of ECMO deaths are attributed to intracranial 
hemorrhage. Thromboembolism is another issue, more 
dangerous in VA ECMO as it will directly compromise 
systemic circulation. 

Cannulation is one factor that makes VV safer and easier 
as it does not involve breaching the arterial system. These 
include vessel perforation causing hemorrhage, arterial 
dissection, distal limb ischemia, and incorrect location 
(e.g, venous cannula within the artery) Though these 
complications are rare (<5%), they can be troublesome. 
Another problem unique to cardiac ECMO is “Hariequin 
syndrome” or “North-South syndrome” It occurs because of 
a competitive flow in the aorta (ECMO vs. heart) leading to 
deoxygenated blood supplying the upper body (blue head) 
and hyperoxygenated blood to the lower body (red legs).!^!5 
The risk of left ventricle (LV) overload leading to stunning/ 
failure is a real threat with VA ECMO. 

Thus, it is but natural that the preferred ECMO 
configuration to be used for acute respiratory failure is VV; 
unless associated with severe cardiogenic shock. Moreover, 
it is not possible to rest the lungs by decreasing driving 
pressures, tidal volume, plateau pressures, etc. if VA ECMO 
is used. 


& EXTRACORPOREAL MEMBRANE 
ecb bebadega IN ACUTE RESPIRATORY 
& FAILURE: WHEN TO CONSIDER’ is 


e As per Extracorporeal Life Support Organization (ELSO) 
guidelines, in hypoxic respiratory failure due to any cause 
(primary or secondary), ECLS should be considered 
when the risk of mortality is >50%, and is indicated when 
the risk of mortality is 28096 
o About 50% mortality risk is associated with a partial 

arterial pressure of oxygen (PaO, )/fraction of inspired 
oxygen (FiO;) «150 on FiO, >90% and/or Murray 
score 2-3 
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o About 80% mortality risk is associated with a PaO,/ to other modalities and some unique to ECMO. Lack of 
FiO, «100 on FiO, >90% and/or Murray score 3-4 resources, financial limitations, awareness, expertize and 


despite optimal care for 6 hours or more data sharing are the prominent few. 
e Carbon dioxide retention on mechanical ventilation Cardiac ECMO in the form of postcardiac surgery support 
despite high Piar (>30 cm H,0) has been available and in use in India for some time now, but 
e Severe air leak syndromes the advent of respiratory ECMO in India was facilitated by the 
e Need for intubation in a patient on lung transplant list 2009 HINI epidemic in parallel to the rest of the world, albeit 


e Immediate cardiac or respiratory collapse (PE, blocked ata much smaller scale. 
airway, and unresponsive to optimal care). 


: EXTRACORPOREAL LIFE 
i didis tt EE SUPPORT ORGANIZATION CENTERS’ 
t. OXYGENATION FOR ACUTE RESPIRATO . Ww : f 
: FAILU RE: INDI ANS CEN ARI 0 The ELSO is the umbrella organization, which brings all 


the ECMO centers across the world (Fig. 3) together with 
As with several other novel techniques, the progression of the purpose of knowledge disbursement and data sharing 
ECMO in India has faced several hurdles, some common (Fig. 4). India comes under the South and West Asia Chapter 
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FIG. 3: Centers registered with Extracorporeal Life Support Organization till July, 2016 . 
Courtesy: Extracorporeal Life Support Organization Registry, 2016. 
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FIG. 4: Respiratory extracorporeal membrane oxygenation runs: annual distribution 
Courtesy: Extracorporeal Life Support Organization Registry, July, 2016. 
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of ELSO (SWAC-ELSO). Till date, all across India, 11 centers Speciality Hospital also has a well-run dedicated ECMO 
are members of ELSO, which share their data with the program. 


organization. Details as per the ELSO member list are below: Since there is no published data on ECMO from any of 
* Bangalore the above mentioned centers, the.data of FMRI, Gurgaon, is 
o . Fortis Hospitals Limited being shared. The data has been shared with and ratified by 
o ManipalHospital the ELSO,'5 the Michigan, United States-based body, which 
o Narayana Institute of Cardiac Sciences maintains and analyses the world's largest data registry 
e Chennai (Table 2). 
o Apollo Hospital 
* Gurgaon 


TABLE 2 International summary: overall outcomes 
o Fortis Memorial Research Institute (FMRI) 


e Ludhiana iie ONNEA OUOMES salen a tere | 
o Dayanand Medical College Total Survived ECLS ` Survived to DC or 
e Mumbai patients © transfer 
o Riddhi Vinayak Critical Care and Cardiac Centre 
(RVCC) 
e New Delhi 
o Max Super Speciality Hospital 
o TheSimulation Society (TSS) at AIIMS 
e Secunderabad 
o Krishna Institute of Medical Sciences 
e Surat 
> paue onpil : ER | 1645 | 55% | 1232 | 4196 
Considering the size and population of our country, =". lone. sae Spese ic m 
and healthcare scenario, it is imperative that these numbers 
should be growing over time. Many centers are doing really 
good work on ECMO, e.g., Fortis Malar in heart failures, estas 
transplants and left ventricular assist device (LVADs); RVCC = | E 
Mumbai who had pioneered the concept of ECMO in India. =.=... — —— — 


Overall outcomes 


and continue to do large numbers. They also hold theannual Total | 78397 | 54866 | 70% | 45345 | 58% | 


S ge 


ECMO Conference in India. In North India, AIIMS continues ^ ECLS, extracorporeal life support, E-CPR, extra-cardiopulmonary resuscitation. 
to do ECMOs in postcardiac surgery cases, and Max Super Courtesy: Extracorporeal Life Support Organization data Registry, July, 2016 
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FIG. 5: Data of extracorporeal membrane oxygenation runs at Fortis Memorial Research Institute, Gurgaon, 
since program inception 


Courtesy: Extracorporeal Life Support Organization Registry, Centre Statistics November, 2016 
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El Survived to D/C 


© Recovered form ECLS 
but not D/C alive 


B Expired on ECMO 


ECLS, extracorporeal life support; ECMO, extracorporeal membrane oxygenation. 


FIG. 6: Overall extracorporeal membrane oxygenation runs at Fortis Memorial Research Institute, 
Gurgaon (latest till November, 2016) 
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ECLS, extracorporeal life support; ECMO, extracorporeal membrane oxygenation. 


FIG. 7: Venovenous extracorporeal membrane oxygenation runs at Fortis Memorial Research 
Institute, Gurgaon (latest till November, 2016) 
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FIG. 8: Case breakup: extracorporeal membrane oxygenation runs at Fortis Memorial Research Institute, 139 
Gurgaon (latest till November, 2016) 


ECLS, extracorporeal life support; ECMO, extracorporeal membrane oxygenation 
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Data from Fortis Memorial Research Institute, 
Gurgaon (Center ID 501) 


The center started its ECMO program in December 2013 and 
has been sharing its data with ELSO as its member since 
March 2016. Since, then 23 ECMO (VA + VV) runs have been 
carried out at the center (Fig. 5) with a successful trial off in 
13 (56.52%) of them after adequate recovery. Eight of the 13 


(61.54%) were discharged alive. Overall survival was 34.78% 
(Table 3 and Fig. 6). 


Overall outcomes at Fortis Memorial Research 
TABLE 3 Institute, Gurgaon (Extracorporeal Life Support 
Organization Center 501) 


Overall outcomes <. 


Total : 
: patients | 


Survived ECLS. i Survived to DC 


or transfer 


If only respiratory ECMO runs are considered, 12 cases 
were VV ECMO. Six (50%) of them survived from ECMO, 
4 (66.67%) of them were discharged alive. Overall survival 
was 33.33% (Figs 7 and 8). None of the mortalities were 
related to ECMO. They were related to the primary disease 
itself or acquired sepsis. 

The fact that complications are common with ECMO is a 
widely accepted fact, less so with VV ECMO and the authors 
did face a few. Cannula site bleed was faced in one patient 
requiring surgical intervention. Infectious complications 
were the most common occurring in up to 41.67% cases. 
These infections were not per se related to the ECMO each 
time but general ICU infections. Other common but less 
troubling problems were thrombocytopenia and subclinical 
hemolysis. The oxygenator needed a change in one case 
due to persistent candidemia. None of the cases required 
discontinuation due to ECMO complications. The indications 
for respiratory ECMO were viral pneumonias (non-H1N1)—3 
cases and acute worsening of acute interstitial lung disease 


! Pediatric (ILD/BOOP)—3 cases. Secondary ARDS accounted for four 
Cardiac e | ^1. | 4 | d 00% [1 ag | «cases and diffuse alveolar hemorrhage for two cases. The 
i eed eos m eem md sm o -.--,  üVerage runtime on respiratory ECMO was 251.25 hours with 
Adult "ov PORRO a PRENDE OR: | thelongest runtime of 342.5 hours (Table 4). 
„ Respiratory > : 4 33396 | The rate of negative consent for ECMO is fairly high (4076 
: Cardiac NE UN 2 29 | Since January-October, 2016), which the authors are sure 
EPR Queer S ; E exhibits the trend in other centers also, compounded by 
tet T^i the lack of funds or absence of health insurance. As cost is a 
“Total 8 E 78% | 


ECLS, eracorpoteall life s Support, E-CPR, extra- scindiopubmondrvé resuscitation. 
Courtesy: Extracorporeal Life Support Organization Registry, 2016. 


major-limiting factor, a low cost circuit can be assembled for 
shorter runs, affordability issues or cases with unpredictable 
outcomes, e.g., extra-CPR. 


TABLE 4 Details of adult respiratory extracorporeal membrane oxygenation runs at Fortis Memorial Research Institute, Gurgaon 


(Extracorporeal Life Support Organization Center 501) 


i l “Adult Respiratory (18 8 years a and over) ' 


Viral pneumonia 3 ! 177 D : m 

, ARDS not t postop/trauma - MEE Eas SUN OU Oro s ee P 
p c elle ee MC NT pu eene cum ee V HN RES x E 
Qe TU es 1 mc. 2: | 7m 


iim e ME LE DE -— -—- : 


| Venovenous 12 251 25 


- Lb. ilem Linie. puis en ee, ooo cates erie eb E 


, Mechanical: Cannula problems. i 1 


Infectious: Cultrure proven infection (see infections) i 5 


ARDS, acute respiratory distress syndrome. 
Courtesy: Extracorporeal Life Support Organization data Registry, 2016 
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« SETTING-UP AN EXTRACORPOREAL 

~ MEMBRANE OXYGENATION PROGRAM 
; (ADAPTED FROM THE ELSO GUIDELINES 
: FOR ECMO CENTERS, MARCH 2014)" 


There is ample evidence to suggest that better outcomes 
are achieved in high volume centers with rapid turnover 
of patients. Constant upgradation and improvement of 
skills is the key for good results. The way forward is regular 
training, audits, simulations, etc. especially in low-volume 
centers; and is the standard-of-care as per ELSO. Extra- 
corporeal membrane oxygenation is a multidisciplinary care 
modality, and needs intensivists, vascular/cardiac surgeons, 
technicians, perfusionists, trained nurses, noninvasive 
cardiologists for echocardiographic guidance in the form 
of regular assessment of cardiac function, etc. The ELSO 
has published guidance on establishing ECMO centers, 
last upgraded in March 2014. As with any guidelines, these 
should be viewed as guiding parameters only as local factors 
in India vary hugely from the Western world. 

e Extracorporeal membrane oxygenation centers should 
be located in tertiary centers with a tertiary level neonatal 
intensive care unit, pediatric intensive care unit and/or 
adult intensive care unit 

e Extracorporeal membrane oxygenation centers should 
be located in geographic areas that can support a 
minimum of six ECMO patients per center per year. The 
cost effectiveness of providing fewer than six cases per 
year combined with the loss, or lack of clinical expertise 
associated with treating fewer than this number of 
patients per year should be taken into account when 
developing a new program 

e Extracorporeal membrane oxygenation centers should 
be actively involved in the ELSO including participation 
in the ELSO registry. 


General Structure and Staffing 


The ECMO center should be located in a tertiary level 

intensive care unit with the following components: 

* There should be a single physician ECMO program 
director with responsibility for the overall operation ofthe 
center. While there may be several associate directors with 
specific interests or focus in limited areas of ECMO care, 
the primary medical director should be responsible for 
assuring appropriate specialist training and performance, 
directing quality improvement meetings and projects, 
assuring proper and valid data submission to ELSO, and 
should also be responsible for the credentialing of other 
physicians who care for ECMO patients or who manage 
the ECMO circuit 

* There should be an ECMO coordinator with responsi- 
bility for the supervision and training of the technical 


staff, maintenance of equipment and collection of 
patient data 
* The multidisciplinary ECMO team should have quality 
assurance review procedures in place for annual ECMO 
evaluation internally 

* Formal policy and procedures outlining the indications 
and contraindications for ECMO, clinical management 
of the ECMO patient, maintenance of equipment, 
termination of ECMO therapy, and follow-up of the 

ECMO patient should be available for review 
e Appropriate laboratory space for training and continuing 

medical education should be available. 

The guidelines further highlights the recommendations 
related to staffing, training, research, data collection, and 
physical facilities and maintenance of equipment, which can 
be accessed on the ELSO website. 


Barriers to the Development of Extracorporeal 
Membrane Oxygenation in India 


Paucity of Trained Personnel 


A recognized and protocolized ECMO training program for 
physicians, nurses, and technicians is almost nonexistent at 
this time in our country. Initiating and managing an ECMO 
patient different and all members need to be highly trained. 
A structured course at all levels is needed. At present, 
only two major ECMO conferences and trainings are held 
annually, one by the ECMO Society of India and other at 
the authors’ center, FMRI, Gurgaon. Trained personnel go 
a long way in improving the outcomes and bringing down 
untoward incidences.!®! 


Learning Curve 


As with any novel technique, ECMO also has its own natural 
learning curve.” And understandably, mortality and 
complication rates will definitely be higher in earlier stages 
and improve as the team gains experience. At present, several 
centers in India are in initial stages of developing their 
program; add to this the lack of awareness, low number of 
referrals for ECMO to these centers and high refusal rate on 
financial grounds, the learning curve is expected to be fairly 
prolonged in Indian centers. 


Lack of Awareness 


‘The presence of specialized ECMO centers just might not be 
enough, ifthe physicians at the referring centers are not aware 
of the modality. Even if they are aware, knowledge about the 
criteria, indications, and contraindications of ECMO are 
of paramount importance. The sole aim being that patients 
requiring ECMO should receive it at the optimum time, 
before they are beyond the point of no return, as excessive 
delay can lead to unwanted outcomes. 
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Lack of Uniform India-specific Guidelines/Protocols Patient Transport??? 


Whatever protocols and guidelines are available come from 
western literature'®!®!" and centers. Though most hold true 
for Indian patients, eventually home-grown protocols and 
guidelines will be needed. Guidelines pertaining technical 
aspects, flows, and cannula sizes might not hold true for 
Indian patient's anatomy and physiological needs. Moreover, 
Indian socioeconomic scenario is widely different from 
the western guidelines. But considering that ECMO is still 
evolving in Índia, national guidelines might still be a bit far 
off the horizon. 


Cost Implications and Constraints 


In a country, where 89.2196 patients at private hospitals still 
pay from their pockets (World Bank figures; 2014)?! Thus, it 
is all but natural that an expensive modality like this one will 
not be easily embraced by the critically ill. Not only that after 
spending a large amount, a favorable result will be expected 
impatiently, which can never be guaranteed in a state like this, 
which has a survival of 54% even in international literature. 
Moreover, there is always a danger of ECMQ stretching out 
over days and weeks; patients maintaining well on ECMO but 
not tolerating weaning as the lungs are not yet up to it. Ihe 
question of withdrawing ECMO will always arise when the 
family will run out of money or patience. So will this amount 
to withdrawal of treatment. Will this be contrary to Indian 
laws? It remains to be answered. 


Healthcare Setups 


Keeping in mind the limited resources, expertise, and 
intricacies involved, the most efficient and effective model 
for development of the modality will be the "Hub and 
Spoke" model. This has been widely accepted all over the 
world and running successfully. Extracorporeal membrane 
oxygenation-referral centers need to be setup with all the 
expertise, equipment, and support teams all in one tertiary 
care center with facilities for handling such case including 
transport rather than having several small ECMO programs 
runningin each and every hospital ina region. The advantages 
of this model are: 

* Efficient accumulation of resources in one place 

* Increased case load will lead to a shorter learning curve 

and better outcomes 

*  Protocolized care again will improve outcomes. 

This concept needs to be coupled with an efficient and 
capable transport network to decrease the response time and 
heightened awareness amongst the referring hospitals and 
physicians to encourage early identification and referral. 

Regular CMES, conferences, outreach sessions, awareness 
campaigns, etc. can be instrumental in achieving this goal. 
Else it might just become a "salvage therapy" rather a genuine 
support modality. 


Presently, ECMO is limited to handful of tertiary care centers, 
whereas the majority of target population is admitted to non- 
ECMO centers. Understandably, these patients are going to 
be very unstable and a skilled transport team is required, on 
the ground or in the air, to transport them to ECMO capable 
centers. Anotheroptionis to have mobile ECMO teams, which 
initiate ECMO at the referring center and then transport the 
patient on the machine to an ECMO capable center. 


Infection Control 4^?* 


The incidence of hospital-acquired infections is much 
higher in patients on ECLS as blood circulates through an 
extracorporeal circuit with many connections and branching. 
Moreover, the vascular system is breached with large-bore 
cannulas and any infective invasion becomes a great risk. 
The primary conditions also contribute to the risk. A tight 
infection control protocol is very important and should be 
followed without fail. Staff training is the most important 
step in this direction. Surveillance at regular intervals and 
aseptic precautions at all points are necessary. In the authors' 
experience, all the above steps make a big difference; along 
with them, moving away from open surgical to percutaneous 
insertion of cannulas also lead to a significant decline in 
cannula site and blood stream infection (5096 candidemia in 
surgical vs. 096 in percutaneous) at our center. 


Data Sharing 


Data sharing has been a baneto the accumulation of literature 
on ECMO, a problem faced in many other modalities also. No 
mechanism exists in India for recording the data related to 
ECMO casesat a national level and analyzing and assimilating 
it. Whatever, data there is, relates to major individual centers. 
ELSO gathers data from 11 of the centers as above, but it 
surely misses out data from nonmember centers. There is 
a major scope for improvement on this front and is much 
needed for the advancement of knowledge and awareness of 
this modality. 


& CONCLUSION _ 


The literature and indications for ECMO have been increasing 
steadily over the past few years. Although ECMO is still in its 
infancy in India, the critical care community is waking up to 
it and accepting it warmly. New centers are coming up and 
with more expertise, ECMO is becoming safe, secure, and 
with ininimal complications. There is a need to increase 
awareness about this lifesaving modality and certified 
training courses for doctor, nurses, and paramedics are the 
need of the hour. Setting up ECMO programs on the “Hub and 
Spoke” model may be the right way to develop the modality 
further and increase the volume and thus expertise at these 
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centers. The cost of the modality still remains an impediment 
to its development in the country but as the number of ECMO 
runs increases, the cost will decrease hopefully in the years 
to come. 
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Synchrony During 
Assisted Mechanical Ventilation 


Atul P Kulkarni, Suhail S Siddiqui, Vikas Bhagat 


& INTRODUCTION 


Mechanical ventilation is the most common intervention in 
intensive care unit (ICU) for a patient with acute respiratory 
failure. The aim of mechanical ventilation is to reduce work 
of breathing (WOB), unload respiratory muscles, optimize 
gas exchange and buy time for the primary pathology to 
respond to appropriate medical treatment.! However, patient 
ventilator asynchrony (PVA) during mechanical ventilation 
may cause distress, discomfort, delayed weaning, prolonged 
ICU stay, and may affect the outcome, adversely. 


8 TYPES OF VENTILATOR ASYNCHRONY 


A mechanical breath consists of four phases: (i) triggering, 
(ii) inspiratory flow phase, (iii) cycling off, and (iv) expiratory 
phase. There can be asynchrony between patient and 
ventilator in any of these phases. Among the different 
types of PVA, the most common is ineffective efforts by the 
patient which has other synonyms as ineffective triggering, 
untriggered breaths or trigger asynchrony, in which the 
patient's inspiratory effort does not trigger the ventilator to 
initiate the breath.? Commonly, an ineffective effort (during 
the expiratory period) is defined as an abrupt decrease 
in airway pressure (usually 0.5 cmH,O or more) with a 
simultaneous decrease in expiratory flow, not resulting in 
an assisted breath from the ventilator? However, it can also 
occur during inspiratory phase where it is seen as a sudden 
increase in inspiratory flow [during pressure-support 
ventilation (PSV)] or an instantaneous transient decrease 
in airway pressure [during volume-controlled continuous 
mandatory ventilation (VC-CMV)] without triggering 
an additional breath? These may be the consequence of 
dynamic hyperinflation, reduced respiratory drive (including 
from excessive sedation), respiratory muscle wéakness, or an 
insensitive trigger setting on the ventilator. Other forms of 


trigger asynchrony are double triggering, autotriggering and 
delayed triggering. Double triggering can be defined as two 
consecutive inspirations with an interval of less than half of 
the mean inspiratory time (TI), where the first one is patient 
triggered. This is known to occur, if the patient ventilatory 
demand is high, delivered ventilatory support is insufficient 
or due to mismatch between neural TI and mechanical TI, 
i.e., TI set on ventilator. In other words, neural TI is longer 
than the TI set on the ventilator??5 In ideal circumstances, 
an assisted mechanical breath should be delivered as a 
consequence of triggering caused by patients inspiratory 
effort, however, it may occur in absence of any patient trigger, 
the entity is known as autotrigger. It is reported to occur due 
to random noise in the circuit, water in the circuit causing 
abrupt changes in circuit resistance, due to leaks in the circuit 
and cardiogenic oscillations.?9 Delayed triggering is when 
the patient triggers a breath and inspiratory gas delivery by 
ventilator is abnormally delayed, this form of asynchrony has 
been well taken care of with advent of recent technological 
advances.” 

Flow asynchrony can be found where patient's ventilatory 
demand is high, but the ventilator is unable to deliver flow 
as per demand. This can be treated by increasing peak 
inspiratory flow rate or by changing the mode of ventilation 
to a pressure-control or variable-flow mode. 

Cycling asynchrony occurs due to mismatch between 
neural (patient) and mechanical (ventilator) TI. When 
the mechanical TI exceeds the neural TI, the ventilator 
continues to deliver breath while the patient tries to exhale 
or the situation opposite to it is when neural TI is greater 
than mechanical TI, in which case mechanical breath is 
terminated while the patient continues to be in inspiration. 
The term for this type of asynchrony is prolonged cycling for 
the former where the TI is more than double the mean TI and 
premature cycling for the later, if TI is less than 50% of the 
mean TI? 
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;_ EPIDEMIOLOGY OF PATIENT VENTILATOR 
s ASYNCHRONY AND THEIR CONSEQUENCES 


Patient ventilator asynchrony can have a range of 
manifestation from patient fighting ventilator to imper- 
ceptible asynchrony.” The ideal method for detection of 
PVA is measurement of esophageal pressure by esophageal 
balloon or measuring electrical activity of diaphragm, 
however, due to their complexity, these modalities are 
seldom used in clinical practice and are mostly employed 
for research purposes. Bedside ventilator waveform analysis 
provides an acceptable, reproducible, noninvasive, and 
attractive method of detection of asynchrony.!? Studies have 
used asynchrony index (AI) as a method to quantify the PVA 
events in an individual patient, and most studies have taken 
an incidence of more than 10% Alas clinically significant and 
worth treating. Asynchrony index can be calculated by:?* 


Number of asynchrony events 


Total respiratory rate 
(ventilator cycles 4 wasted efforts) 


AI (expressed in %) = x 100 


A study by. Thille et al. done in 62 patients showed 
that 24% of patients had AI of greater than 10%. In this 
study, the highest number of PVA events were ineffective 
triggering with a frequency of 85%, and double triggering 
comprising of 13%, was the next common event. Other 
significant observation was that patients who had AI more 
thái 10% required prolonged mechanical ventilation and 
tracheostomy was common.’ Another prospective cohort 
study was done by de Wit et al. where they recorded pressure- 
time and flow-time waveforms for 10 minutes within the 
first 24 hours of initiation of mechanical ventilation in 60 
patients. They calculated ineffective triggering index (ITI) 
by dividing the number of ineffectively triggered breaths 
by the total number of breaths. They observed that 16 of 
60 patients had ITI greater than or equal to 10%. The study 
concluded that ITI of greater than or equal to 10% is an 
independent predictor of longer MV duration (10 days vs. 4, 
p = 0.0004) and shorter ventilator-free survival (14 days vs. 
21, p = 0.03), however, mortality did not differ between the 
two groups. de Wit et al. in another observational study, 
which included 20 medical ICU patients, did 15 minutes 
recording of airway pressure and airflow waveform. The 
highest number of asynchrony events was ineffective efforts, 
seen in 85% of patients followed by double-triggering, 
premature cycling and delayed cycling in decreasing order. 
Ineffective triggering was associated with higher levels of 
sedation, as assessed with the Richmond Agitation-Sedation 
Score and the Confusion Assessment Method. The study 
delineates the fact that though the sedated patients look 
calm still they have higher events of PVA as compared to 
alert patients. The deeper level of sedation reduces the 
Iespiratory drive, which culminates into weaker muscular 
effort by patient causing ineffective triggering.!° Vignaux 
et al. in a multicenter study observed 60 patients receiving 


noninvasive ventilation for acute respiratory failure. Airway 
pressure, flow, and surface diaphragmatic electromyography 
were recorded continuously for 30 minutes. Patient ventilator 
asynchrony events were recorded as double triggering in 
nine (15%) patients, autotriggering and ineffective breaths 
were present in eight (13%) patients, premature cycling in 
seven (12%), and late cycling in 14 (23%) patients. An AI 
more than 10%, indicating severe asynchrony, was present 
in 26 patients (43%), whose median (25-75 IQR) AI was 26 
(15-5496). A significant correlation was found between the 
magnitude of leaks and the number of ineffective breaths 
and severity of delayed cycling.!! Various studies listed above 
point to different prevalence of PVA in the subset of patients 
they studied. Hence, it seems difficult to exactly define its 
prevalence. The reason could be disparity in protocols related 
to period of observation, day of observation from day of ICU 
admission, disease state of patient, cause of acute respiratory 
failure and mode of ventilation. However, some general 
principles can still be extracted from these studies that even 
if PVA does not affect mortality still it has a significant effect 
on morbidity such as increased duration of ventilation, ICU, 
and hospital length-of-stay. 


& DETECTING PATIENT 
* VENTILATOR ASYNCHRONY - 


Clinically, PVA can be assessed by parameters like tachy- 
cardia, tachypnea; paroxysmal breathing, and patient's 
agitation. The preferred method for discerning PVA is by 
bedside analysis of airway flow and pressure waveforms. 
The accuracy of this method closely correlates with other 
methods, viz, measuring of esophageal pressure or 
electromyography of diaphragm. Due to their invasiveness, 
these methods cannot be recommended in day-to-day care 
of the critically ill patients. 

Multiple.other factors can affect a clinician's ability 
to detect PVA like training, previous experience, mode of 
ventilation, and type of patient ventilator interaction." In a 
study by Colombo et al. they randomly selected 10 experts 
and 10 nonexperts (ICU residents and physicians) based on 
their ICU experience, who were asked to analyze 5 minutes 
report displaying airflow and airway pressure-time tracing. 
The instances of asynchrony identified by experts and 
nonexperts were compared with those ascertained by 
three independent examiners who evaluated the same 
reports. The experts had additional information about the 
tracings of diaphragm electrical activity (EAdi). The study 
concluded that the ability of ICU physicians to recognize 
patient-ventilator asynchrony was overall quite low and was 
further decreased with increase in prevalence; the study also 
suggested the need for adjunctive measures like esophageal 
pressure or transdiaphragmatic pressure to facilitate 
recognition of remaining undetected asynchronies.!! More 
recently, there has been introduction of objective methods 
like computerized algorithms in literature to detect PVA. 
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Chen et al. studied 14 adult mechanically ventilated patients 
for PVA. The computerized algorithm detected more than 
90% of ineffective triggering in expiratory phase.’ Another 
objective method has been recently validated in a study of 24 
mechanically ventilated adult patients by Sinderby et al. In 
this study, patient-ventilator interactions were evaluated by 
comparing ventilator pressure and EAdi waveforms, recorded 
during pressure support ventilation. The study devised a new 
index of patient-ventilator interaction (NeuroSync index). 
In the study, the NeuroSync index appears to be more 
sensitive in determining patient-ventilator interaction than 
previous methods.? Another novel approach was devised 
by Gutierrez et al. in a prospective, observational study of 
110 mechanically ventilated adult patients. They did spectral 
analysis of airway flow and pressure signals. They found 
that the frequency spectrum of patients who were having 
synchronous ventilation were characterized by sharply 
defined peaks spaced at multiples of mean respiratory rate, 
however, it was less organized in patients with ventilator 
asynchrony.!^ Due to lack of availability of trained staff who 
can continuously monitor each and every patient at bedside 
at all the time, it becomes mandatory to develop automated 
and objective methods to detect PVA and physician should 


_prompily act to manage it and monitor, if the management is 


successful or some other cause needs to be handled. 


STRATEGIES TO IMPROVE 
PATIENT-VENTILATOR INTERACTION — 


Lung inflation occurs to effect gas delivery to the alveoli. For 
this to occur, sufficient force is needed to overcome the elastic 
and resistive forces of lung, chest wall and airways.’® This is 
largely done by the diaphragm, which by its piston-like action 
expands the thorax and -pushes abdominal contents away. 
During increased ventilatory demand external intercostals 
and accessory muscles of inspiration are recruited, which 
help diaphragm by lifting and expanding the rib cage.!® 
Importantly, in the supine position the role of the intercostal 
muscles are diminished. 

These respiratory motions can be easily represented with 
a simplified equation. If we consider the pressure needed 
to overcome the total loads of the respiratory system to be 


‘Prov loads offered by elastic recoil as P, and that needed to 


overcome the airway resistance as P,,, for a given flow and 
volume change (AV) then: 
Prot z Pa + Pres 
Pip = AVICS + RXV 

Where C,, and R represent respiratory system compliance 
and airway resistance, respectively. Individual small 
contributions of inertness and lung tissue resistance are 
generally disregarded. 

Mechanical ventilation is mainly needed when there 
is increased ventilation need or decreased oxygen (0,) 


supply (hypoperfusion/hypoxia, etc.) or if there is abnormal 
respiratory system mechanics leading to increased 
mechanical loads (e.g increased airway resistance, de- 
creased compliance, etc.). Reasonable duration of ventilator 


support helps the patients to tide over these periods of 


crisis.!^?? However, patient-ventilator dyssynchrony can also 


‘result in increased loads on ventilatory muscles and hence 


defeats the purpose of mechanical ventilation. 

We need to assess the effective unloading of mechanical 
loads on ventilator muscles by calculating the single value— 
work done (W) or the pressure time product (PTP) for the 
inspiratory muscles. Work is the integral of pressure over 
change in volume. Pressure time product relies on the 
pressure changes during respiratory cycle and TI and it 
correlates better with the ventilator muscle energetics and O, 
consumption than work (W) does and hence is increasingly 
used clinically to measure the energy demands on ventilator 
muscles.??-?3 

Pressure time product has led to the concept of PTI 
(pressure-time index), which can be calculated by the 
inspiratory pressure (PI) generated, maximum pressure 
generating capabilities ofinspiratory muscle (Pmax) and TI as 
the fraction of the ventilator duty cycle(T,,,). 

PTI = (P/P,,,) x (T/T) 

The normal value of PTI for healthy individuals is less 
than 0.05 (at rest) and goes maximally up to 0.10 during 
intense exercise. Ventilatory failure occurs, if the value of 
PTI for diaphragm goes above 0.15 and 0.3 for accessory 
being lesser than for accessory muscles as diaphragm 
normally operates at submaximal capability even in normal 
individuals?! 

Acute respiratory failure sets in, if any of the above 
components change unfavorably, leading to ventilatory 
muscle failure (Fig. 1). Thus, while managing a patient with 
respiratory failure, all these factors should be optimized: 

« Minimize loads due to primary disease process 

e Minimize loads due to ventilator 

e Minimize demands caused by excessive ventilation 

* Minimize patient dyspnea/discomfort leading to 
inappropriate ventilation patterns 

e Maximize muscle-metabolic support. 

The desired objective to attain harmony between 
patient's demand and ventilator's delivery may require 
careful ventilator setting, which assures optimal concurrence 
of all the phases of breath delivery. 


Optimizing Breath Triggering 


Triggering asynchrony is of three types: 
e Ineffective triggering 

e Double triggering 

e Autotriggering. 
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FIG. 1: Various patient-ventilator flow interactions as seen in 
pressure-volume plots (pressure on the X-axis, volume on the Y-axis). 
Pressure to the left of the thick diagonal line is patient generated 
and the work performed by the patient (the shaded area). Area to 
the right of the thick diagonal line represents ventilator-generated 
pressure and the work performed by the ventilator is the open area. 
A, It represents the normal work of breathing in a normal patient with 
no ventilator assistance. B, It represents high work of breathing in a 
patient with respiratory failure, no ventilator assistance. C, High work 
of breathing totally decreased in a patient with respiratory failure 
while on proper ventilator assistance. D, Here, only the work needed 
for triggering is done by the patient—and rest of the work is done by 


the ventilator. E, Here, the ventilator provides assistance in a way that- 


thatthe patient's work pattern resembles normal as in A. F, In contrast, 
it shows unphysiologic workload on the ventilator muscles because 
of improper ventilator assistance. While mechanically ventilating 
a patient, our goal should be optimizing the patient ventilator 
synchrony to get a pattern as shown in E and to essentially avoid the 
one shown in pattern F 
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IE, incomplete exhalation; IT, ineffective triggering. 


FIG 2: Ineffective triggering occurring during expiration phase and 
inspiration phase both as seen in flow and airway-pressure recordings 


Ineffective Triggering 


Ineffective triggering is the one in which patient's inspiratory 
efforts are unable to initiate a ventilator cycle and hence is 
wasted. It is usually detected in flow and airway pressure 
recordings as an airway pressure drop, which coincides with 
aflow increase during the expiratory period. It is not followed 
by a ventilator cycle (Fig. 2) and it can also occur during the 
inspiratory period. Although ineffective triggering is possible 
in all modes of ventilation, it is commoner where the levels 
of assistance are higher because of associated larger tidal 
volumes (VTs) and a decreased drive. 

Ineffective triggering is of two types. The first is missed ot 
delayed triggering due to an insensitive or poorly responsive 
triggering system. On most ventilators, there are two types of 
triggering system: (i) pressure trigger and (ii) flow trigger. In 
pressure trigger, a patient's effort is sensed through a drop 
in the circuit pressure, while in flow trigger it is sensed by 
a change in a circuit bias flow.>*4 An ideal trigger should 
be the one (flow or pressure) which is most sensitive and 
responsive to patient's efforts and thus prevent missed 
triggering.'*!6 Both types of effort sensors are incorporated 
in some ventilators and they respond to the signal (pressure 
or flow), whichever is detected first. The sensitivity of the 
triggering system, with either sensor, should be adjusted to 
be as sensitive as possible, but at the same time, it should 
not produce autotriggering.*!6 Second type of ineffective 
triggering occurs due to auto or intrinsic positive end 
expiratory pressure (PEEPi). Here, an inspiratory effort by the 
patient fails to overcome the work load imposed because of 
PEEPi and, therefore, fails to trigger a ventilator breath. PEEPi 
results from incomplete expiration, leading to dynamic 
hyperinflation, very often present in patients with chronic 
obstructive pulmonary disease. There are several clinical 
strategies, which help in preventing trigger dyssynchrony due 
to PEEPI. 


Reducing the PEEPi 


By reducing minute ventilation, e.g. reduce set rate, reduce 
set PI, reduce set VT, minimize causes leading to increased 
ventilation needs, thus decreasing patient efforts, lengthening 
the expiratory time (for optimal lung emptying) or improving 
airway mechanics? 


Application of Extrinsic PEEP 


Applying circuit PEEP serves to narrow the gradient 
between circuit (extrinsic) and PEEPi.???6 This will further 
reduce the work needed to be done by the inspiratory 
muscle to trigger the ventilator. Auto-PEEP can be guided 
by an esophageal pressure monitoring and the resulting 
trigger dyssynchrony can be managed by providing about 
70-80% of measured PEEPi as circuit PEEP.2^7? If esophageal 
pressure monitoring is not available than extrinsic PEEP can 
be empirically titrated and patient's response is monitored. 
In case, the patient is benefiting with the extrinsic PEEP 
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then there will be: (i) shortening of the delay between 
patient's effort and ventilatory triggering and (ii) the patient 
will be more comfortable. At the same time, the ventilator 


“breathing frequency and minute ventilation may actually 


increase because the efforts, which were previously missed 
are now being triggered, hence subsequent adjustments are 
required to avoid excessive ventilation. One important sign 
to look for is the pressure required for the VT. As long as the 
applied PEEP is less than the PEEPi, this PI/VT relationship 
will not change.” If the applied extrinsic PEEP goes above 
the PEEPi, end-PI will increase in flow-volume-targeted 
ventilation or the VT gets reduced in pressure-targeted 
ventilation. 


Double Triggering and 
Premature Termination of the Breath 


Double triggering usually occurs when the patient's ventilator 
demand is high and TI set on ventilator (ventilator TI) is short. 
Here, patient's effort (i.e., neural TI) is longer than ventilator 
TI, so that the patient's effort continues even after the end of 
ventilator TI, triggering a second ventilator insufflation, as a 
result there will be a very short or absent expiratory period 
between two consecutive ventilator cycles. 

Double triggering occurs chiefly with assist control 
ventilation (ACV) when VT is set low with high-flow rates (thus 
presenting short ventilator TI). Incidence of double triggering 
is much lesser with PSV (pressure support ventilation), where 
ventilator TI partly depends on the patient's inspiratory effort. 
Usually, the TI with PSV tends to be longer than the patient's 
neural TI, leading to delayed cycling,® 

Double triggering can be reduced by the following 
maneuver: 

* Increase TI 
e Increase VT (assist-control mechanical ventilation mode) 
* Increase expiratory trigger sensitivity (PSV mode). 


Autotriggering 


Autotriggering is said to occur when ventilatory cycle is 
delivered by the ventilator even in the absence of patient's 
effort. Autotriggering is usually generated by water in circuit, 
cardiogenic oscillations or leaks in the ventilator circuit. 
Managing it depends on the cause and can be managed 
with a careful search for reversible causes (e.g., water in 
the circuit and small leaks) and/or by adjusting the trigger 
sensitivity.>** 


Optimizing Flow Asynchrony (Fig. 3) 


Commonly used breath types in ICU are flow-targeted 
volume-cycled «breaths and pressure-targeted ‘breaths. 
Among these flow-targeted volume-cycled breaths are used 
more commonly as they give the clinician direct control over 
the flow magnitude, TI, flow delivery pattern and ultimate 
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FIG. 3: Graph showing volume, flow and airway pressure over time 
during six different assisted breaths. A, The assisted breath airway 
pressure profile remains smooth and is not sucked indicating optimal 
flow and proper muscle unloading. B, The right, the airway pressure 
profile in assisted breath is markedly "sucked down" by patient 
effort during much of the breath suggesting that the flow delivery is 
inadequate for patient demand and may lead to inspiratory muscle 
overload 


` volume delivered. This can ensure that a safe and effective 


VT is provided, but, the fixed flow delivery pattern cannot 
interact with patients ventilatory drive and thus creating flow 
asynchrony. 


Flow-targeted Volume-cycled Breaths 


Ventilators have different flow patterns viz, square, 
sinusoidal, or decelerating. The magnitude and shape of 
the flow can be adjusted to enhance patient-ventilator 
synchrony.***! With proper titration of the flow rates, 
the synchrony in flow-volume-targeted breaths is almost 
similar to variable flow, pressure-targeted breaths. This 
has been well demonstrated by Kallet et al.?? It was also 
noted in National Institutes of Health acute respiratory 
distress syndrome network small VT study that with proper 
attention to flow settings in flow-targeted breaths, sedation 
requirement did not increase when using small VTs 
compared with large VTs.5? 


Pressure-targeted Breaths 


Flow synchrony is much better in pressure-targeted breaths 
compared to flow-targeted breaths, because of the following 
advantages with pressure-targeted breaths: 

* Flow varies with patient effort and the ventilator delivers 
whatever flow is needed to attain the set pressure target. 
This feature enhances flow synchrony, which has been 
shown in many clinical studies??? (Fig. 4) 

* The time taken to attain the set inspiratory pressure (i.e. 
pressure rise time) can be adjusted with manipulation of 
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FIG. 4: Enhanced flow synchrony with a variable flow, pressure- 
targeted breath. The graphs show volume, flow, and airway pressure 
over time. A, A flow-targeted breath where the flow is inadequate 
and lower than patient's demand and the airway pressure profile 
is markedly "sucked down" by patient effort (arrow in the airway 
pressure-time graph) during much of the breath suggesting 
asynchrony. B, A pressure-targeted breath set to deliver a similar tidal 
volume, the airway pressure profile is smoother and more constantly 
positive. Here the variable flow (arrow in flow-time graph on right) 
helps in better synchronization 


initial flow delivery, thus decreasing or increasing the rate 
of rise of PI (also known as flow acceleration adjustment 
or inspiratory percent or pressure slope)? In a vigorous 
effort by the patient, high-flow rates are desirable and it 
synchronizes better with rapid pressurization pattern, 
whereas less vigorous efforts may synchronize well with 
a slower pressurization pattern 
* Some ventilators can adjust the circuit pressure profile 
where it can calculate the resistance offered by the 
endotracheal tube and compensate for the same. It thus 
provides a favorable pressure profile in the trachea. No 
study has yet shown that this feature alters outcome, but 
observational trials were suggestive of reduced muscle 
loads,*® 
A notable concern with pressure-targeted breath is that 
the control over VT is lost?" Feedback modes can address 
this, where the clinician sets a target VT and the ventilator 
adjusts itself to the pressure required to maintain the set VT. 
This theoretical appeal is lost when patients efforts changes 
with pain or anxiety, resulting in inappropriate high VT and 
leads to inappropriate lowering of the P1.**°9 


Optimizing Breath Cycling (Fig. 5) 


Optimizing breath cycling involves: 

* Delivery of an appropriate VT in accordance with patient 
demands 

* Matching machine’s mechanical TI with patient’s neural 
TL 


n n 


FIG. 5: Examples of cycle dyssynchrony. Figures here show flow and 
airway pressure over time. A, A breath where there is no effort from 
the patient and machine inspiratory time (TI) is small, which may 
lead to delivery of an inappropriately small tidal volume. B, A shows 
a breath where ventilator T! is less than patient's neural TI, right— 
machine TI is less than neural TI, as a result of the persistent effort by 
the patient the airway pressure profile is pulled downward and there 
is reversal of expiratory flow after breath termination. It may also lead 
to double triggering. C, A breath where machine TI is greater than 
neural TI, as a result ventilator lung inflation extends into patient's 
neural exhalation, consequently the patient activates the expiratory 
muscles to turn off the breath, which manifest as an elevation in 
airway pressure at end-inspiration 


In flow-targeted volume cycled breaths adjusting these 
two parameters is quite easy, as VT and TI are independent 
variables, which can be set or manipulated by the clinicians. 

In pressure-targeted breaths, VT and TI depend on the 
interactions of the following parameters: 

e "Applied PI- ~~~ 

e Respiratory system mechanics 
e Patient efforts 

e Cycling criteria. 

All these parameters are interdependent, as such altering 
any of these often results in changes in others, making it 
more difficult to achieve the desired synchrony. In general, 
higher inspiratory pressure settings, better mechanics, 
increased effort and longer-cycling criteria settings (e.g., 
a lower-expiratory flow criterion with PSV and a longer set 
TI in pressure ACV) extend the machine TI.* The pressure 
rise time in PSV can also affect machine TI depending on its 
effects on the resulting patient ventilator drive and its impact 
on peak flow and the flow-cycling criteria.** 

One common cycling management problem is that, 
when the patient has a vigorous effort on a pressure-targeted 
mode, who, despite a low applied PI, still draws VT that 
may be considered excessive (e.g., >8-10 mL/kg ideal body 
weight).5? Here, we have to look for any reversible cause for 
such high and inappropriate VT, e.g., from pain, anxiety, or 
central nervous system abnormality. Under these conditions, 
addressing the inappropriate drive should also be done in 
addition to ventilator manipulation. If the patient does not 
have a reversible cause for the excessive inspiratory drive and 
is not ready for withdrawal of ventilator (e.g., if high PEEP or 
high fraction of inspired O, is needed), many would argue 
thatthe high VT should be tolerated and not suppressed with 
sedation. 
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NEW MODES OFVENTILATION TO IMPROVE 
PATIENT VENTILATOR SYNCHRONY 


Proportional Assist Ventilation 


[n proportional assist ventilation (PAV) triggering is as in 
the conventional modes, i.e., the patient triggers the breath 
using circuit flow sensor or pressure sensors. Thereafter, the 
ventilator monitors the flow and volume demanded by the 
patient and puts a "gain" (set by clinician) on this demand 
to augment pressure and flow in proportion to the desired 
reduction of muscle load. Thus, PAV decreases the WOB 
and improves comfort compared with PSV. Moreover, 
Giannouli et al. found that ineffective triggering was much 
lower with PAV than with PSV because ventilator insufflation 
time was limited and because VT was smaller at high levels 
of assistance. Proportional assist ventilation is closer to 
physiologic ventilation, but knowledge of the resistive and 
elastic characteristics of the respiratory system is required 
to set PAV. In awake patients triggering the ventilator, these 
measurements become unreliable, which in turn leads to 
an obstacle to its widespread use. However, methods for 


intermittent automatic determination of respiratory system - 


resistance and elastance have been described recently. 
Another problem is that there is no minimal pressure or 
flow provided with PAV, thus it must be used with caution 
in patients where ventilatory drive is unreliable because of 
drugs or disease. 


Neurally-adjusted Ventilatory Assist 


In neurally-adjusted ventilatory assist (NAVA) mode, 
continuous electromyogram recording of diaphragmatic 
muscle is done with multiple-array esophageal sensors and 
the ventilator delivers assistance in proportion to the activity 
of respiratory muscles of the patient. It provides synchrony 
with all three phase of breath delivery (trigger, flow, and 
cycle), at the same time, it can provide patient-driven 
variability in VT, thus sustaining the advantage of protective 
lung ventilation. However, like PAV, even here, there is no 
minimal pressure or flow provided and should be used 
cautiously when the patient has depressed ventilator drive. 
Greater efficiency of diaphragm unloading was noted during 
NAVA compared with PSV with a reduction in the patient's 
effort and without wasted efforts. At present, NAVA is a 
promising but experimental mode of ventilation. 


F CONCLUSION 


Mechanical ventilation is often sought therapy in ICU for 
patients with acute respiratory failure. Despite the advances 
in mechanical ventilation, patient ventilator asynchrony is 
a common occurrence which depends on stage of disease, 
cause of respiratory failure and mode of mechanical 
ventilation. PVA adds to morbidity of the patient by increasing 


duration of ventilation, ICU, and hospital length-of-stay. 
Adequate training is required for appropriate dìagnosis and 
characterization of asynchrony. Various objective methods 
for the same are thus in vogue. Addressing the cause of 
asynchrony, improves patientcomfort by reducing the muscle 
load and thus positively helps achieving goal of mechanical 
ventilation. Newer modes of mechanical ventilation offer 
good physiological rationale however concrete evidence of 
their supremacy is still lacking. 
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& INTRODUCTION 


Orthotopic liver transplantation (OLT) is a treatment 
option for end-stage liver disease of both acute and chronic 
etiologies. Improvement in surgical techniques and medical 
therapy have led to better patient and graft survival rates after 
OLT with 1 and 5 year patient survival rate of 84% and 67%, 
respectively.! Long-term survivors are at risk for developing 
various medical complications or liver disease recurrences. 

The liver is an organ that actively interacts with all 
body systems, so that graft recipient faces a myriad of 
physiological changes. The purpose of this chapter is to 
focus on the postoperative care of OLT patients and identify 
potential surgical and medical complications, graft rejection, 
and common immunosuppressive regimens used post- 
transplant. 


FE ASSESSMENT OF FUNCTION 
g OF LIVER ALLOGRAFT — 


A close monitoring of the function of the allograft is required 
to identify the early and soft signs of graft dysfunction. 
The recovery of the graft depends mainly on preoperative 
condition of the recipient, the perioperative stability in 
terms of hemodynamics, postoperative prevention of graft 
congestion along with maintenance of sufficient organ 
blood flow, and donor related factors like quality of graft and 
surgical aspects.?? 

The assessment ofliver allograft can be done using clinical 
parameters like improving mentation, stable hemodynamics/ 
respiration, serous drain output, or by laboratory tests which 
could be static or dynamic. 

Static tests include monitoring serum bilirubin that 
gradually normalizes during first week, liver transaminases 
Which may peak during initial 3 days and then slowly settle 
in case of a normally functioning graft. Synthetic function 
can be assessed using monitoring hepatic protein synthesis, 
Le., serum albumin, coagulation factors (factors V and VII), 


or international normalized ratio (INR) levels which should 
improve without any fresh frozen plasma (FFP) transfusion. 
Other parameters include decreasing serum lactate, 
improving platelet counts, and acidemia. 

Dynamic tests may include normal flow pattern on 
Doppler, indocyanine green clearance test. 


i HEPATIC COMPLICATIONS 


Function of liver allograft may be altered by:** 

e Graft dysfunction emmen te mena 

e Rejection 

* Technical complications (vascular thrombosis and biliary 
complications). 


Graft Dysfunction 


Primary Nonfunction 


Primary nonfunction is defined as primary graft failure that 
results in death or retransplantation within 30 days of primary 
transplantation.’ Its incidence ranges between 2 and 1496. 
Exact cause of primary graft failure is not known. Some risk 
factors include donor factors like advanced age (550 years), 
macrovascular steatosis of more than 3096 in donor liver, 
cold ischemia time above 12 hours, and seropositive 
hepatitis B and C.5 Other contributory factors may include 
severe reperfusion damage and presence of renal failure 
in recipient. Patient exhibits signs of graft dysfunction like 
altered mentation, jaundice, raised transaminases (often 
25000 U/L), coagulopathy (deranged prothrombin time/ 
activated partial thromboplastin time), hypoglycemia, 
and oliguria. Management included FFP transfusion every 
4-6 hours or as required, dextrose infusion for hypoglycemia. 
Other therapies, like plasmapheresis, N-acetylcysteine, and 
prostaglandin E1, have not shown positive results. In case 
of no recovery within 24-36 hours, consideration should be 
given for retransplantation to avoid multiorgan failure. 
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Small for Size Syndrome?’ 


It has often been described in patients receiving split or 
a partial liver graft from a live donor. Patient presents with 
delayed synthetic function, poor bile production, and 
cholestasis. Portal hypertension and congestion in-a small 
graft have been implicated for its causation. Supportive care 
and prevention of infection are important for graft recovery 
and patient survival. 


Graft Rejection 


Hyperacute Graft Rejection 


It is rare and complement and antibody mediated (due to 
preformed antibodies)? 


Acute Cellular Rejection® 


Its incidence is 15-25%. Diagnosis is made through liver 
biopsy. It has been defined by Banff international consensus 
as inflammation of the allograft, elicited by a genetic 
disparity between the donor and recipient, primarily 
affecting interlobular bile ducts and vascular endothelia, 
including portal veins and hepatic venules, and occasionally, 
the hepatic artery and its branches. It is T-cell mediated and 
divided into two subgroups: 

1 Early acute cellular rejection: Appears in less than 28 days 
post transplantation. It does not usually lead to graft loss 
and can be managed by pulse dose ofimmunosuppression 

2 Late acute cellular rejection: Appears in more than 
28 days post-transplant and is usually due to under 
dosage of immunosuppression. {t is associated with a 
worse prognosis and development of graft loss. 

Increase in baseline immunosuppressicn, pulse steroid, 
use of mycophenolate, or switching to tacrolimus (if patient 
was on cyclosporine) can be helpful in mild rejection.* 

Repeated steroid boluses and/or antithymocyte globulin 
may be given for severe rejection. 


Chronic Rejection 


It is extremely rare, accounting for less than 5% of all 
cases of graft loss. It may occur due to noncompliance 
to immunosuppression, unattended acute rejection, or 
unknown mechanism. Clinically, it may manifest with 
cholestatic features and on liver histology as advancing 
arteriopathy and degenerating bile ducts. 


Technical Complications 


Vascular Thrombosis 


Hepatic artery thrombosis is the most common (incidence 
4-12%)} and potentially life-threatening vascular compli- 


cation. It is seen more commonly in children and in 
grafts with discrepancy in donor and native vessel size. 
Causes include poor arterial flow, increased sinusoidal 
resistance, preservation injury, anastomotic site stenosis, 
and hypercoagulability. It can present either as hepatic 


„gangrene with sepsis and fulminant liver failure or delayed 


bile leak from ischemic necrosis of biliary radicals or 
recurrent bacteremia.‘ Doppler ultrasonography is a useful 
method to determine arterial patency. Arteriography may 
be used for definitive diagnosis where vessel cannot be 
well-visualized. Management includes revascularization by 
arterial thrombectomy either by interventional radiology 
or surgically.?^ If it manifests within 48-72 hours, surgical 
thrombectomy can be performed. If manifestation is delayed, 
interventional radiologists can perform intra-arterial 
catheter thrombolysis.’ When revascularization fails, urgent 
retransplantation is mandatory. 

Portal vein thrombosis (PVT) is less common (in <2% of 
OLT cases)? and present with persistent ascites, intestinal 
congestion, and bleeding. It occurs because of pretransplant 
PVT or technical problems. Doppler ultrasonography 
followed by conventional angiography or magnetic resonance 


. angiography can aid in diagnosis. Management includes 


thrombectomy either surgically or interventional radiology 
for graft survival. 


Biliary Complications 


This is the most common technical complication after liver 
transplant with incidence ranging from 15 to 2075 They 
have been described as “Achilles heel” of liver transplant. 
These range from early anastomotic leaks, biliary tract 
ischemia, or technical error to late stricture and obstruction 
of biliary system. Increasing cholestasis suggested by 
rising serum bilirubin, alkaline phosphatase, G-glutamyl 
transferase, and leukocytosis indicates biliary complication. 
Imaging modalities, like ultrasound, abdominal computed 
tomography scan, or cholangiography, can help in diagnosis. 
Treatment options for bile leak include endoscopic 
retrograde cholangiopancreatography with biliary stenting 
on percutaneous transhepatic cholangiography with external 
drainage or surgical repair. 

Biliary strictures can be managed using endoscopic or 
percutaneous balloon dilatation, stenting, or surgical re- 
exploration. 


3 CARDIOVASCULAR 
d SYSTEM CONSIDERATIONS —— 


Early postoperative phase may be complicated by significant 
hemodynamic instability. The hyperdynamic, vasodilated 
preoperative state persists into the early postoperative 
period and absence of this may indicate volume depletion 
or myocardial dysfunction? Intraoperative blood loss 
and massive fluid shift, preexisting/new left ventricular 
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dysfunction, hypothermia, acidosis, and electrolyte 
disturbances can contribute to circulatory dysfunction. 
Meticulous assessment of fluid status is of paramount 
importance as relative hypovolemia and fluid overload, both 
can contribute to graft dysfunction. Fluid administration 
should be ideally guided by dynamic parameters like stroke 
yolume variation, pulse pressure variation, extravascular 
jung water, and pulmonary vascular variability index." 
Use of pulmonary artery catheter is less popular these days. 
Careful volume expansion with fluid administration and 
maintenance of mean arterial pressure with vasopressors 
and inotropes should be done to maintain graft and systemic 
perfusion. Combination of crystalloid and colloid can be used 
for volume expansion. Balanced crystalloid contains lesser 
chloride and prevents hyperchloremic metabolic acidosis. 
Early administration of albumin may help in reducing the 
total amount of intravenous fluid while maintaining plasma 
oncotic pressure. Continuous infusion of 20% albumin is 
routine at most of the centers in early postoperative period 
though evidence in this regard is not conclusive. 

Hypertensive response is very common in early 
postoperative period. Postoperative pain, anxiety, volume 
overload, preexisting hypertension, and administration of 
drugs, like cyclosporine and tacrolimus, can contribute to it. 
Blood pressure should be controlled with short-acting agents 
like labetalol or hydralazine in the early stage and long-acting 
agents can be introduced later. 

Some patients may develop stress cardiomyopathy 
but it usually reverse spontaneously after a few days to a 
week.? Acute coronary syndrome is relatively uncommon 
in early postoperative days, however, if it is suspected, 
decision regarding coronary intervention, antiplatelet, or 
other supportive care should be taken in consultation with 
cardiologist and transplant team. 

Perioperative arrhythmias may be secondary to 
hypercapnia, hypoxemia, electrolyte imbalances, metabolic 
acidosis, myocardial dysfunction, or irritation by central 
venous catheters. Atrial fibrillation may develop due to 
perioperative fluid shifts and electrolyte abnormalities.’ 
Treatment with B-blocker and calcium channel blocker 
is preferred over amiodarone because of its potential 
hepatotoxicity. 

Cardiac tamponade should be considered in the 
differential diagnosis of low cardiac output with high filling 
pressure. Superior aspect of Mercedes-Benz incision may 
violate the pericardial reflection, resulting in pericardial 
effusion/tamponade. Other medical factors, like renal failure 
and coagulopathy, may also be contributory. 

Patients with portopulmonary hypertension (POPH) may 
worsen in perioperative period. Exacerbation of POPH and 
associated right ventricular dysfunction can adversely affect 
graft function and survival.” Preoperative treatment, such as 
sildenafil, bosentan, and intravenous epoprostenol, should 
be continued perioperatively. Additionally, inhaled nitric 
oxide (at doses of up to 80 ppm) can be delivered into the 


breathing circuit to reduce pulmonary artery pressures. In 
refractory cases, placement of a right ventricular assist device 
or atrial septostomy has been described. 


&. RESPIRATORY SYSTEM CONSIDERATIONS 


Most of the patients can be extubated within few hours 
of surgery, but that depends on institutional practice. 
Various studies suggest that early extubation is safe and 
reintubation rate is similar to those who are extubated late." 
Late extubation increases the risk of ventilator associated 
pneumonia (VAP) and can increase graft congestion.!9? 
Nevertheless, many times, it is not possible to extubate early in 
view of hemodynamic instability, persistent encephalopathy, 
pulmonary edema, severe hypoxemia, or obesity, and a period 
of ventilation is required before attempting weaning. Difficult 
weaning may be because of postoperative atelectasis, VAP, 
pleural effusion, poor cough reflex or excessive bronchial 
secretion, and perioperative acute respiratory distress 
syndrome (ARDS). Noninvasive ventilation can be tried in 
few patients electively post extubation or as a treatment of 
extubation failure. . 

Ventilator associated pneumonia is usually seen in 
patients requiring prolonged ventilation. Semirecumbent 
position is advisable during ventilation to prevent 
VAP. Respiratory sample should ideally be obtained by 
bronchoalveolar lavage in patients suspected of having VAP. 
Treatment of VAP is to be done according to established 
guidelines and local susceptibility pattern. 

Acute respiratory distress syndrome in early 
postoperative period may be attributed to multiple causes 
like severe reperfusion injury, massive blood transfusion, 
and postoperative infections. Treatment of ARDS should be 
based on ARDS Network protocol. Low tidal volume with 
moderate positive end expiratory pressure (PEEP) should 
be used while ventilating these patients. Since in ARDS, 
the lung is poorly compliant and does not transmit all the 
applied pressure to venous system, high PEEP strategy can 
be utilized in these patients. Very high PEEP (>10 mmHg) 
though may be associated with venous stasis, congestion, 
or graft dysfunction. Experience is limited with other 
treatment strategies like prone position ventilation, high 
frequency ventilation, or permissive hypercapnea in post 
liver transplant patients. 


& RENAL CONSIDERATIONS 


Renal dysfunction after liver transplantation is quite 
common with actual incidence varying between 5 and 50% 
depending on the diagnostic criteria used. Etiology is 
multifactorial and includes preexisting renal dysfunction, 
perioperative hemodynamic derangement, sepsis, drug 
induced (tacrolimus, cyclosporine), and graft dysfunction. 
Intravascular volume assessment should be done and 
hypovolemia should be corrected. Sepsis should be 
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aggressively treated with broad spectrum antibiotics and 
source control. Nephrotoxic medication should be avoided. 
Small percentage of patients may require renal replacement 
therapy with substantial morbidity and mortality. 


- NEUROLOGICAL CONSIDERATION 


Neurological dysfunction has been reported in 8.3-47% of all 
patients receiving liver transplantation.'? Common disorders 
include encephalopathy, cerebrovascular accident, and 
seizures. Encephalopathy can be multifactorial and causes 
include preexisting hepatic encephalopathy, meningitis, 
sepsis, cerebral infarction, and spinal cord necrosis amongst 
other. Seizures can be due to cerebrovascular accidents, 
metabolic and electrolyte derangements, central nervous 
system infections, drug induced, or due to previous history 
of epilepsy. 

Posterior reversible leukoencephalopathy syndrome is a 
serious but reversible neurological dysfunction characterized 
by occipital or parietal extrapontine demyelination. 
Calcineurin inhibitors (CNIs) are important cause of this 
condition among others. 

Rarely, osmotic demyelination syndrome is seen in some 
patients mostly related to rapidity of the sodium correction. 
This condition is characterized by symmetrical demyelination 
at the base of pons. Treatment is usually supportive. 


i$ METABOLIC AND 
j| ELECTROLYTE DYSFUNCTION _ 


Postoperative hyperglycemia is quite common and may be 
due to diabetes mellitus, stress, CNI, steroids, and exogenous 
catecholamines. Target blood sugar during perioperative 
period has been debated extensively, and the general 
consensus is to maintain it in the range of 140-180 mg/dL. 
Hyperglycemia may impact graft function and it is imperative 
to control it with insulin infusion titrated to maintain blood 
sugar in the desired range. Hypoglycemia is an ominous 
sign and may indicate allograft dysfunction. It should be 
aggressively corrected with 25 or 50% bolus dextrose and 
continuous infusion and titration of insulin infusion rate. 

Although relative adrenal insufficiency is common 
in chronic liver disease patients, exogenous steroids are 
sufficient to maintain the level during perioperative period. 

Intraoperatively, hyperkalemia may be seen due to 
reperfusion or transfusion of large amount of packed red 
blood cells (RBCs). Treatment of hyperkalemia is with 
calcium chloride, dextrose insulin infusion, B2 agonist, 
sodium bicarbonate, and potassium binding resins. 
Refractory hyperkalemia requires hemodialysis. 

Other common electrolyte imbalances are hypokalemia, 
hypophosphatemia, hypocalcemia, hyponatremia, and 
hypernatremia. Hypocalcemia may be because of chelation 
of calcium with citrate preservative present in packed RBCs. 
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hypophosphatemia may contribute to weaning failure and 
hemodynamic instability. 


* GASTROINTESTINAL CONSIDERATIONS 


Upper gastrointestinal bleeding is less frequent but may 
occur due to gastritis and stress ulceration. Recurrence of 
esophageal and gastric varices may be due to reduced portal 
flow or complete portal vein thrombosis. Bleeding distal to 
ligament of Treitz may be from jejunojejunostomy site. 

Late bleeding (weeks to months) should prompt an 
evaluation for infections like Cytomegalovirus, or Clostridium 
difficile enterocolitis. 

Mild rise in amylase and lipase can be seen in up to 2076 
of patients, but clinically significant pancreatitis is seen in 
less than 5%.”° Most of the times, pancreatitis is mild and 
patient recovers without complications. 


: POSTOPERATIVE BLEEDING AND 
g COAGULATION MANAGEMENT — —— 


Bleeding in postoperative period may necessitate transfusion 
and/or surgical exploration. Poor graft function, imperfect 
hemostasis, slippage of a tie, hypersplenism, hypocalcemia, 
and dilution may contribute to bleeding. Thrombocytopenia 
is common and lowest level is usually seen on 3! or 4" 
postoperative day. Monitoring of coagulation by thrombo- 
elastography becomes necessary in cases of significant and 
persistent bleeding. Thromboelastography can be useful in 
differentiating between bleeding secondary to incomplete 
surgical hemostasis,?! platelet dysfunction, and coagulation 
factor defects. Risk of bleeding must be balanced against the 
risk of hepatic artery or portal vein thrombosis. 


INFECTIOUS COMPLICATIONS ——— 


Infections are problematic and most common cause of 
death. These patients are colonized with multidrug resistant 
infections due to their previous hospitalization. Théy receive 
strong immunosuppression in postoperative period and 
often develop multidrug resistant infections. Antibiotic 
prophylaxis is given against enteric Gram negative rods and 
Gram positive organisms. Common infections are wound 
site, pneumonia, catheter related blood and urinary tract 
infections, cholangitis, and Clostridium difficile infection. 
Common causes of wound site infection are 
Staphylococcus aureus, Klebsiella, E. coli, Enterobactor, 
Pseudomonas, anaerobes, and Enterococcus. Pneumonia 
is mainly caused by Gram negative rods. Treatment of 
bacterial infections generally involves identification of the 
infective agent (e.g., cultures and antibiotic sensitivities), 
source control (e-g., catheter removal and debridement), and 
antibiotics based on the hospital antimicrobial susceptibility 


patterns. Common fungal infections include Candida 


and Aspergillus. Candida can be isolated from many sites. 


1 
i 


| 
| 


of 
al 


CHAPTER 24: Care of Post Liver Transplant in Intensive Care Unit 


ee ee ea LS i. iic TÉ 


TABLE 1 


Common infections in post-transplant period 


4 month 

te General risks e General risks 
o Surgical procedure i 
o Prolonged hospitalization 
o Prior colonization 

o Mechanical ventilation 


o Indwelling vascular and urinary 
catheterization 


i e Donor transmitted diseases ‘e Bacterial infections continue to occur in 


ie Bacterial infections including resistant some patients 
` pathogens 

o Bloodstream infections o Pneumonia 
o Pneumonia 


o Surgical site infections 


o Clostridium difficile associated colitis 


le Herpes simplex virus infection: Herpes 
labialis or genitalis, with potential for 
disseminated disease 


o Aspergillus sp. 


o Nocardia sp. 


e Candida sp. Infections 


: © Fungemia 


; © Abscesses 
o Urosepsis 


More than two sites colonization should be treated same 
as systemic candidiasis. Echinocandins (caspofungin, 
micafungin, anidulafungin) should be used as first choice 
drug for treatment of candidemia. Alternatively, liposomal 
amphotericin B can be used. 

Fungal prophylaxis prevents superficial and deep fungal 
infections. It should be given to the patients who underwent 
prolonged surgery, who have received multiple transfusions, 
severe preoperative illness, preoperative Candida 
colonization, renal dysfunction, retransplantation, and 
prolonged intensive care unit (ICU) stay. Fluconazole is used 
for antifungal prophylaxis at most of the places. Alternatively, 
liposomal amphotericin B can be used. 

Cytomegalovirus infection is common in transplant 
patient. Patient at highest risk are those who are 
seronegative and have received organ from a seropositive 
donor. Patient may be asymptomatic or show involvement 
of single organ (liver, lung, gastrointestinal tract) to 
multiorgan involvement. Ganciclovir and valganciclovir 
are the mainstay of treatment. Foscarnet should be used 
in case of severe neutropenia or if ganciclovir resistance is 
Suspected. Common infections in post-transplant period 
are summarized in table 1. 


o Overimmunosuppression 
o D4/R-mismatch status for viruses 
o Allograft rejection 


© Donor-transmitted diseases Repeated 
biliary tract manipulations 


© Retransplantation 


© Bloodstream infections 


© Abdominal infections 
© Clostridium difficile associated colitis 


© Human herpes virus 6 and 7 
o Pneumocystis jirovecii 


| | o Mycobacterium tuberculosis 
| o Endemic mycoses 


i* General risks 
o Variable 


9 High risk patients include those with 
recurrent rejection and allograft 
dysfunction that would require intense 
immunosuppression 


o Minimal immunosuppression: Usual 
community 


© Acquired infections and zoster 


© Intense immunosuppression due to 
allograft rejection and dysfunction: 
Infections occurring during the 
opportunistic period (see middle 
column) continue to occur; course 
of chronic, viral hepatitis may be 


; © Intra-abdominal infections je Opportunistic pathogens accelerated | 
j 9 Abscesses ! o Cytomegalovirus 
| o Urosepsis iO Epstein-Barr virus 


o Toxoplasma gondii, among others 


& NUTRITIONAL CONSIDERATIONS — 


Preoperative malnutrition has been associated with an 
increased risk of postoperative infections, respiratory 
complications, and a prolonged ICU stay. Factors, such 
as surgical stress, corticosteroid administration, and 
preoperative malnutrition, enhance the need for nutritional 
support postoperatively.! Postoperative ileus generally 
resolves by the 3'? or 4" postoperative day? In the 
absence of any contraindications, progressive oral intake 
is initiated with liquids and advanced to an unrestricted 
diet. Nasoenteric feeding can be initiated in the patients 
who have inadequate oral intake. Enteral nutrition is 
preferred over parenteral nutrition. Adequate nutrition in 
postoperative period is associated with lesser incidence 
of infections. These patients should receive 1.5-2.0 g of 
protein per kilogram of dry weight during the immediate 
postoperative period because of the markedly increased 
protein catabolism leading to increased nitrogen loss 
during this phase.” Calories should be given approximately 
at 120-130% of the calculated basal energy expenditure as 
the energy requirements are only moderately increased 
in uncomplicated post liver transplant patients.? Close 
monitoring for any electrolyte disturbances should be done. 
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= IMMUNOSUPPRESSION 


The most common protocel for immunosuppression 
includes triple therapy or a dual regimen.’ Triple therapy 
consists of a CNI, antimetabolite agent, and a steroid. 
-Combination of steroids and a CNI constitute dual regimen 
and has shown to be equally efficacious as triple therapy. 

Calcineurin inhibitors include tacrolimus, and 
cyclosporine.”* They act by inhibition of calcineurin which 
results in decreased interleukin (IL)-2 production and 
dampening of T-cell recruitment and activation. Both seem to 
be similar with regards to graft and patient survival. However, 
tacrolimus has been associated with lower incidence of 
acute and steroid resistant rejection. It is most commonly 
used drug, started within 24 hours post-transplant and dose 
adjusted as per the trough level. Both are equally nephrotoxic, 
but tacrolimus is associated with higher chances of diabetes 
and neurotoxicity and less chances of hypertension and 
hyperlipidemia. Antimetabolites include mycophenolate 
mofetil and azathioprine.” Mycophenolate mofetil is more 
commonly used, started within 1* week post-transplant. It 
selectively inhibits purine synthesis, thus inhibiting T- and 
B-cells proliferation.! Mandatory drug monitoring is not 
required as it is renal sparing. 

Glucocorticoids, methylprednisolone intravenous, later 
changed to enteral is mainly used as part of maintenance 
protocol.”* 

Induction therapy with interleukin-2 receptor antibody 
preparation, that is daclizumab and basiliximab, may be 
an effective approach. Sirolimus, which is a macrocyclic 
triene antibiotic, acts by preventing T-cell proliferation and 
inducing cell cycle arrest.’ It is increasingly being used for 
primary and rescue immunosuppression. 


$ CONCLUSION 


Liver transplantation has now become an acceptable means 
for treating end-stage liver disease or fulminant hepatic 
failure, with excellent long-term outcomes. It has been 
possible because of multidisciplinary teamwork among 
transplantation center teams, continued improvements 
in surgical technique, and post-transplantation immuno- 
suppression regimens. Early recognition, diagnosis, and 
treatment of postoperative complications have helped in 
shorter ICU stay and better outcomes. 
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CHAPTER | 


Challenges in Identifying 
Sepsis in Liver Failure 


Sunitha B Varghese, Sushma K Gurav 


& INTRODUCTION 


Patients with cirrhosis are highly predisposed for bacterial 
infections and sepsis leading to rapid decompensation and 
progression ofliver failure. Though there have been significant 
advancements in molecular diagnostics and biomarkers in 
the diagnosis of sepsis, the outcomes of patients with sepsis 
in cirrhotics or acute-on-chronic liver failure remains poor as 
compared with the general population. This is because early 
diagnosis of bacterial infections and identification of sepsis 
in this category of patients is faced with many challenges. 

In this review, the authors address these challenges and 
find out ways to manage these patients in the early stages of 
sepsis thereby improving the outcome. 


PROS 


EPIDEMIOLOGY —— 


Sepsis is present in 3096 of patients with cirrhosis, on 
admission or during in hospital stay, becoming the major 
cause of death.! In hospital mortality of cirrhotics, who 
develop septic shock is higher and may exceed 70%.” 

The most common infection in cirrhotics and their 
incidence is depicted in box 1. Sixty percent of bacterial 
infections in cirrhosis are community acquired and 40% are 
nososcomial! In the community acquired infections, the 
causative organisms are Gram-negative bacteria especially 
Escherichia coli (60%), Gram-positive cocci (30-35%), and 
mixed (5-10%). The pattern is different in nosocomial 


Box 1: Infection and incidence in cirrhotic patient 
Types of infection in cirrhotic patient 

* Subacute bacterial peritonitis: 25-3196 
* Urinary tract infection: 20-25% 

* Pneumonia: (15-2196) 

* Bacteremia: 1296 
Skin and soft tissue infection: 1196 


infections with 60% for Gram-positive cocci and 30-35% 
for Gram-negative bacilli as a result of use of therapeutic 
procedures and previous antibiotic therapies.” Risk factors 
of infection by Gram-positive bacteria are recent or current 
hospitalization, receiving quinolones, prophylaxis, and 
invasive procedures. 

There has been a rise in bacterial infections due to 
multidrug-resistant organisms probably because of the 
inadvertent use of antibiotics. In a large were isolated, 
the main resistant organism was extended-spectrum 
f-lactamase-producing Enterobacteriaceae, followed by 
Pseudomonasaeruginosa, methicillin-resistant  Staphylo- 
coccus Aureus, and Enterococcus faecium3 

Fungal infections (Candida spp.) are present in 15% of 
severe sepsis in cirrhosis” (Flowchart 1). Clinical risk factors 
associated with occurrence of bacterial infections in cirrhosis 
are?? 

e High child-pugh score model for end stage liver disease 

»15 . 

e Variceal bleeding— bacterial infections occur in >45% of 
patients admitted with gastrointestinal bleeding 

e Low-ascetic protein levels 

e Low-serum albumin 

e Prior episode of spontaneous bacterial peritonitis (SBP). 


Community Nosocomial 
acquired (60%) (40%) 
GNB (60%)—E. coli 
GPC (30-35%) GPC 
Mixed (5-10%) 


Fungal infections 15% of cirrhotic patients severe sepsis 


GNB, Gram-negative bacilli; GPC, Gram-positive cocci; £. coli, Escherichia coli. 


FLOWCHART 1: Organisms in cirrhotic patients and their incidence 
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» PATHOGENESIS OF SEPSIS IN CIRRHOSIS? 


Cirrhosis is associated with coexistence of state of 
immunodeficiency and ‘systemic inflammation and is 
referred to as cirrhosis-associated immune dysfunction, 
which increases the susceptibility to infections. 

e The state of immunodeficiency occurs secondary to: 

o Loss ofimmune surveillance function of liver because 
of damage to reticuloendothelial system of liver 
(portosystemic shunting and Kupffer cell damage) 
and reduced synthesis of important proteins involved 
in innate immunity like complement factors 

o Compromise of the functions of circulating and 
intestinal populations of immune cells leading to 
dysfunction of neutrophils, monocytes, B and T 
lymphocytes, NK lymphocytes. 

e Systemic inflammation is secondary to pathologically 
increased bacterial translocation causing entry of viable 
intestinal bacteria from intestinal lumen to internal 
milieuvia mesenteric lymph nodes and portal vein 
leading to "cytokine storm" This is associated with very 
high levels of proinflammatory markers like tumor 
necrosis factar-o. (TNF-a) and interleukin-6 (IL-6) from 
activation of circulating immune cells contributing to 
sepsis-related organ failures. This proinflammatory phase 
may be followed by prolonged period of compensatory 
anti-inflammatory response syndrome, which causes 
recurrent nosocomial infections and death. 


§ DIAGNOSIS OF BACTERIAL INFECTIONS 


Patients with cirrhosis have increased susceptibility to 
infections due to various reasons explained above and are 
the major cause for decompensation secondary to sepsis and 
septic shock accounting for increased mortality rate in this 
group of patients. 

Ahigh index ofsuspicion is recommended to enable early 
diagnosis of bacterial infection because many of the signs 
and symptoms are masked in cirrhosis. 


Challenges in Identifying Sepsis in Cirrhotic 
Patients 


e Most of the cirrhotic patients with underlying infection 
or sepsis present with nonspecific symptoms like 
lethargy, decreased appetite, somnolence or may even 
be asymptomatic initially which cause delayed diagnosis! 

* Though systemic inflammatory response syndrome 
(SIRS) has fallen out of favor after the arrival of updated 
definition and criteria for sepsis and septic shock 
(SEPSIS-3),’ the criteria are still useful in helping to 
form a provisional diagnosis of infection in the general 
population. However, in patients with cirrhosis the SIRS 
criteria have limited utility:! 


o Temperature response is blunted because of the 

immunocompromised state 

o Total leukocyte counts are usually on the lower side 

because of hypersplenism 

o Most of these patients have baseline tachycardia 

because of hyperdynamic circulatory state even in the 
absence of underlying infection 

o Patients receiving B-blockers for prevention of 

variceal hemorrhage have reduced heart rate 

o Respiratory rate is usually on the higher side 

secondary to hyperventilation because of hepatic 
encephalopathy. 

Systemic inflammatory response syndrome is present 
in 10-30% of decompensated cirrhotic patients without 
underlying infection. So, it is not the best marker of 
infection in cirrhosis. However, its presence in patients 
with decompensated cirrhosis is associated with poor 
prognosis. 

* The utility of updated definition and clinical criteria of 

SEPSIS [SEPSIS-3—suspected or documented infection 
and an acute increase by two or more Sepsis Related 
Organ Failure Assessment (SOFA) points from baseline] 
in cirrhosis needs to be validated in further studies. 
The qSOFA (quick SOFA) a screening tool to identify adult 
patients with suspected infection, who are likely to have 
poor outcomes incorporating simple bedside criteria- 
altered mentation, systolic blood pressure of 100 mmHg 
or less, and respiratory rate of 22 per minutes or greater 
has limited utility in cirrhosis for the same reasons as 
mentioned above for SIRS’ 

e Another challenge in the diagnosis of sepsis in 
decompensated cirrhosis is that the traditional culture 
method is time consuming and positivity is only 30-70%." 


Suggested Workup in Diagnosing Bacterial 
Infections and Sepsis in Cirrhosis 


Since a delay in diagnosing infections in cirrhosis can lead 
to increased mortality identifying infection at the earliest is 
the biggest challenge. A systematic approach will facilitate 
and accelerate the diagnosis of underlying infection and 
sepsis: 


Step 1: When to Suspect Infection or 
Sepsis in Cirrhosis?’ 


Bacterial infection should be suspected in any patient of 

cirrhosis who gets admitted with: 

e New onset or worsening hepatic (portosystemic) 
encephalopathy 

e Worsening of organ dysfunction—renal or hepatic 

e Leukocytosis 

e Nonspecific signs and symptoms serious enough to 
warrant admission. 
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Step 2: General and Physical Examination! 


All patients of decompensated cirrhosis should undergo 
detailed general and physical examination to identify source 
of infection which includes: 

e Vitals: Core temperature, mentation, blood pressure, 
pulse, respiratory rate in order to identify symptoms and 
signs of SIRS, sepsis and septic shock 

e Systemic examination: 

o Per abdominal examination—distention, tenderness, 
bowel sounds (SBP/secondary peritonitis) 

o Respiratory signs (pneumonia and empyema) 

o Any skin related focus of infection such as cellulitis 

o Meningeal signs in association with altered sensorium 
to rule out meningitis. 


Step 3: Investigations’? 


Following tests are to be in patients in whom bacterial 

infection is suspected: 

e Chest X-ray 

e Blood culture and urine culture 

e Paracentesis is recommended in all hospitalized cirrhotic 
patients with ascites at the time of admission and/or in 
case of gastrointestinal bleeding. 
o Ascitic fluid should be sent for neutrophil count and 

culture (10 mL in a blood culture bottle at bedside) 


-~ Culture and Gram staining of sputum in the presence of 


symptoms or positive chest X-ray 

e Wound culture and cerebrospinal fluid culture when 
indicated 

e Abdominal ultrasonography in case of abdominal 
symptoms or when the source of infection is not clear 
and to guide paracentesis in patients with minimal 
ascites 

* If fungal infection is suspected, and in all patients on 
steroids or immunosuppressive drugs, galactomannan 
in sputum or bronchoalveolar lavage and cryptococcal 
serum antigen should be assayed and chest high- 
resolution computed tomography should be considered. 


Step 4: Evaluation of Organ Dysfunction! 


This is important for determining the severity of infection in 

the form of sepsis and septic shock: 

* Cardiovascular system: Mean arterial pressure and blood 
lactate levels 

* Renal: Urine output, mL/day, serum creatinine, mg/dL, 
venous blood gases 

* Hepatic: Serum bilirubin, ascites, and encephalopathy 

* Brain: Mental status 

* Coagulation: Platelet count, activated partial thrombo- 
plastin time, prothrombin time, fibrinogen levels 

* Metabolism: Serum glucose levels. 


Step 5: Potential Tools for 
Early Detection of Bacterial Infections 


Role of Acute Phase Protein Biomarkers!?9? 

C-reactive protein (CRP) and procalcitonin (PCT) are two 

potential tools for early detection of the presence and the 

severity of bacterial infections. 
e C-reactive protein: It is an acute phase protein mainly 
synthesized by hepatocytes and its level in blood is found 
to increase in response to inflammation or infection. 
As a systemic marker of inflammation, CRP has high 
sensitivity but low specificity. In patients with cirrhosis, 
basal CRP levels are found to be higher than in the 
general population due to chronic inflammation. During 
bacterial infection, the rate of rise in CRP levels is lower 
in patients with advanced liver disease. So, in patients 
admitted in intensive care unit for decompensated 
cirrhosis even moderate increase in CRP levels should 
prompt the intensivist to start appropriate empirical 
antibiotic 
o C-reactive protein levels can also be utilized as a 
marker for predicting short-term mortality risk? 

o The falling trend in CRP levels during serial 
measurements can be considered as a marker of 
resolution of systemic inflammation. 


Procalcitonin 


It has been well validated-and accepted as a marker of 
infection in the noncirrhotics because of its favorable kinetic 
property-exhibiting rapid plasma levels (at around 6 hours) 
after endotoxemia thus helping in the early diagnosis of 
bacterial infections? Procalcitonin is produced by nearly 
all tissues in response to endotoxin or mediators released in 
response to bacterial infections IL-1b, TNF-a, and IL-6.? 

Though there have been conflicting results with regards 
to its diagnostic accuracy in cirrhotics, the utility of PCT in 
diagnosing bacterial infection is still good based on studies. 
Procalcitonin may be helpful to distinguish bacterial 
infections from viral infection or other noninfectious causes. 
Further research is indicated to decide about the cut off 
values. 

In a study by Cesar Lazzarotto et al,’ CRP levels 
229.5 ng/dL exhibited sensitivity of 82% and specificity of8196 
for the diagnosis of bacterial infection in cirrhosis patients.? 

Ina meta-analysis by Lin et al., the authors suggested that 
the PCT test can be used as a rule-in diagnostic tool (positive 
likelihood ratio 7.38), CRP test can be used as a rule-out 
diagnostic tool (negative likelihood ratio 0.23) in patients 
without signs of infection.'9 The combination of CRP and PCT 
may slightly improve the diagnostic accuracy of bacterial 
infection? 

C-reactive protein and PCT levels are reliable markers of 
bacterial infection in decompensated cirrhosis and predict 
short-term mortality risk? 
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Potential Tools for an Early Identification of 
the Pathogen and of Its Susceptibility to Antibiotics? 


* Real time polymerase chain reaction assays have got 
potential utility in identifying pathogens early (in «6 hours) 
as compared to standard culture techniques. This will 
definitely useful in diagnosing culture-negative bacterial 
infections. 

o Limitations: 
- Expensive 
- Timeconsuming 
- Need special equipment and technical expertise 

e Application of Direct Susceptibility Test based on Matrix 
Assisted Laser Desorption Ionization-Time of Flight 
(MALDI-TOF) from blood positive blood cultures has 
been proposed for early detection of resistant bacteria 
and their antibiotic susceptibility 
o Limitation: 

- Results need to be confirmed by conventional 
cultures 
- Lack of reliability in mixed infections. 


ff CONCLUSION 


Cirrhosis is the most commen acquired immunocom- 
promised state and hence predisposes these patients to 
infectious complications, which is associated with increased 
mortality rates if not treated in time. Early diagnosis of 
bacterial infection is crucial in the management of patients 


with decompensated cirrhosis. Since the symptoms and signs 
are subtle and nonspecific in many patients and most of the 
patients with cirrhosis have baseline SIRS, diagnosis of sepsis 
requires a high index of clinical suspicion and step-by-step 
diagnostic approach. Development of rapid and accurate 
diagnostic tools is urgently required. 
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f; INTRODUCTION 


Liver is a vital organ in all vertebrate animals. Maintaining 
homeostasis between the procoagulant and anticoagulant 
function is one of the many important functions of the liver. 
Liver synthesizes many hemostatic proteins and thus plays a 
pivotal role in blood coagulation. Insights into the coagulo- 
pathy ofliver disease are important for discernible hemostatic 
management of these patients. This chapter provides an 
overview of the pathophyisiology, clinical, and laboratory 
features as well as management of bleeding and thrombosis. 


PATHOPHYSIOLOGY — 


Liver produces both procoagulant and anticoagulant 
factors, thus in liver disease both acute and chronic, there 
is decreased production of these proteins. As this decline is 
not equally proportionate, these patients may manifest either 
with bleeding or with thrombosis. There is also alteration 
in platelet count, platelet function, fibrinolytic pathway, 
and functions of von Willebrand factor (vWE). All of these 
contribute to coagulation abnormality. Thus the historical 
view of “autoanticoagulated” state is imprecise. 


E DEFECTS IN COAGULATION FACTORS _ 


Almost all the coagulation factors are produced in liver. 
Factor VIII and XIIa are notable exceptions. Though 
Partially, factor VIII is produced in the liver endothelium 
but majority of factor VIII and XIIIa are produced from 
bone marrow. Most of the procoagulants are synthesized in 
the hepatocytes itself, but a few are also synthesized from 
Sinusoidal endothelium or stellate cells. Post-translational 
modification like glycosylation and gamma carboxylation of 
some factors (II, VII, IX, and X) also take place in hepatocytes. 
Anticoagulant proteins like protein C, S and antithrombin are 
also synthesized in hepatocytes. In liver disease, procoagulant 


factor VIII and vWF levels are actually increased.! As the 
vWF stabilizes factor VIII, in liver disease increased level 
of the vWE also contributes to raised levels of factor VIII. 
Liver disease with history of alcohol intake complicates 
the scenario further as alcohol intake causes vitamin K. 
deficiency, which is important for post-translational 
modification. Dysfibrinogenemia also contributes to the 
bleeding risks. This erratic and unpredictable dysregulation 
of both the pro- and anticoagulant proteins leads to a state 
known as “rebalanced hemostasis’. 


Platelet 


Platelets help in primary hemostasis. In liver disease, platelet 
dysfunction occurs either quantitatively or qualitatively or 
both. The reasons are multifactorial. Mild thrombocytopenia 
(100,000-150,000/L) is seen in 75% of chronic liver disease 
(CLD) patients and moderate (50,000-100,000/uL) in 13% 
of cases? Splenomegaly is a well-known complication 
of CLD due to elevated portal pressure. Platelets may be 
sequestrated in the spleen-causing platelet destruction. Due 
to CLD, thrombopoietin production is decreased leading to 
reduced platelet production in the bone marrow. Parenteral 
thrombopoietin is seen to increase the platelet count but at 
the cost of increased risk of thrombosis, so it is deferred as a 
therapeutic agent. Further hepatitis C virus (HCV) infection, 
alcohol, and other infections associated with CLD, antiviral 
or antibiotic therapy can suppress the bone marrow and lead 
to thrombocytopenia. Patients with advanced stage of liver 
disease may also have decreased platelet functions due to 
association of other complications like uremia, infection, or 
endothelial abnormalities. Infection is associated with CLD 
in nearly 3096 of cases.? Infection or endotoxemia may alter 
the nitric oxide (NO) metabolism and endothelial damage 
that leads to platelet dysfunction and formation of some 
glycosaminoglycans known as heparinoids that also have 
anticoagulant activity. 
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von Willibrand Factor 


von Willibrand factor is also a primary hemostatic agent like 
platelets and helps in coagulation by helping platelets to 
adhere. It is synthesized from the endothelium along with 
"factor VIII. In liver disease, the synthesis of vWF is increased.* 
vWF is cleaved by ADAMTSIS, a protein that is produced 
in hepatocytes. Clearly, in liver disease its production is 
decreased leading to an increased longevity of vWE Thus, 
in primary hemostatic mechanism thrombocytopenia is 
counterbalanced by increased vWF in liver disease. 


Fibrinolysis 


The final step in clot formation is the conversion of 
fibrinogen to fibrin strands by thrombin. Fibrin then cross- 
links with platelet and forms a clot. This is further stabilized 
by factor XIII. This clot formation is a dynamic process. 
That means, it is simultaneously associated with clot 
dissolution by fibrinolysis and this maintains homeostasis. 
This homeostasis is disrupted in liver disease leading to a 
state of hyperfibrinolysis. Evidence of systemic fibrinolysis 
is seen in 30-46% of cases in laboratory investigations, 
but clinicall significant fibrinolysis is only found in 
5-10% of cases of decompensated cirrhosis. Not only does 
hyperfibrinolysis cause premature clot dissolution, but it also 
causes consumption of the coagulation factors resembling 
disseminated intravascular coagulation (DIC), and is known 
as accelerated intravascular coagulation and fibrinolysis 
(AICF). Coagulation factors and products of fibrinolysis are 
normally cleared by hepatocytes and Kupffer cells but in 
liver disease this function is also jeopardized. This state of 
hyperfibrinolysis is contributed by several factors: 
e Increased level of tissue plasminogen activator that 
generates plasmin 
e Reduced levels of a-2 antiplasmin, factor XIII, and 
thrombin-activatable fibrinolysis inhibitor 
* Elevated levels of fibrin degradation product, like 
D-dimer due to fibrinolysis that further interferes with 
the normal coagulation process 
e Ascitic fluid, which develops in CLD due to portal 
hypertension, seems to have fibrinolytic activity. When 
this fluid is delivered to the systemic circulation through 
the thoracic duct, it further causes systemic fibrinolysis." 
Surprisingly, tests that directly measure clot lysis do not 
demonstrate this hyperfibrinolytic state in cirrhotic patients 
so it is mostly underdiagnosed. Though, some studies show 
hypofibrinolysis during acute liver failure (ALF).9 


Prothrombotic Changes 


Endogenous anticoagulants like protein C, protein $, 
antithrombin III, and fibrinolytic factors are all produced in 
hepatocytes. As discussed earlier, hepatocytes also produce 


166 ADAMTS13, an important protein that cleaves VWF. As all 


these proteins are depleted in liver disease, it produces a 
state of hypercoagulation. Furthermore, the venous stasis in 
the portal vein or in the lower limbs due to peripheral edema 
and endothelial injury as described before, also contribute to 
activation of other two limbs of Virchow's triad (endothelial 
injury, stasis, and hypercoagulability), causing increased 
risk of thrombosis.-Unfortunately conventional laboratory 
tests.of coagulation do not reveal this state and it can only be 
appreciated clinically. 


Significance of Types of Liver Disease 


The hemostatic abnormalities described earlier are not seen 
in equal severity in all types of liver disease. They also differ 
as follows: 

* Cholestatic liver diseases like primary biliary cirrhosis 
and primary sclerosing cholangitis have little effect 
on antihemostatic mechanisms and may cause portal 
venous thrombosis. The mild hemostatic abnormality is 
due to functional change in platelets 

e Higher risk of prothrombotic state is associated with 
nonalcoholic fatty liver disease 

e Acute liver failure has a unique characteristic. As the 
liver failure evolves rapidly in ALE thrombocytopenia is 
not a usual feature. On the contrary, deficiency of both 
pro- and anticoagulants are more marked as compared 
to CLD. 


Diagnostic Approach to 
Coagulopathy in Liver Disease 


Due to the complex interactions between the various portions 
of the hemostatic arms, different arrays of conventional 
laboratory investigations do not definitely assess the 
coagulation status in a patient with liver disease. Frequently 
measured coagulation parameters like prothrombin time 
(PT) and activated partial thromboplastin time (APTT) reveal 
a coagulant-deficient state by showing raised levels, but that 
does not mean an increased tendency of bleeding episodes 
as these parameters do not reveal the state of procoagulant 
activity conferred by protein C, protein S, and antithrombin 
III. Thus relying only on these traditional tests may cause an 
inappropriate use of blood products. 

For a better and more comprehensive understanding of 
the hemostatic state of a patient with liver disease, thrombin 
generation assay is used in research laboratories. One such 
test uses recombinant tissue factor to assess the effective 
thrombin generation time in a state when both the anti- and 
procoagulants remain activated. Unfortunately, these tests 
have not gained popularity in the clinical setting as they are 
ineffectual in differentiating between patients with chances 
of bleeding or thrombosis. 

To get a more accurate picture of the hemostatic status 
in such patients, viscoelastic assay is imperative. Thrombo- 
elastography (TEG) and rotational thromboelastometry 
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(ROTEM) are two methods of viscoelastimetric assay used 
widely these days. Different steps of the clot formation, 
clot lysis, physical properties of clot, like clot strength, and 
contribution of different coagulation proteins as well as 
fibrinolytic activities can be assessed in a single study with 
a graphical as well as numerical representation (Table 1 and 
Fig. 1). A pin suspended from a torsion wire is dipped into a 
cup-containing blood sample of 0.36 mL at 37°C temperature, 
and the torsion wire is attached with a mechanical-electrical 


TABLE 1 


Interpretation of thromboelastography 


TEG ' Definition 
measurement . 


Interpretation and suggested 
replacement product 


Reaction time | Time from | Prolonged R represents delayed | 
| (R time) in initiation of | initiation of coagulation due to , 
i minute i coagulation | deficiency of clotting factors. — 
; to fibrin | Suggest fresh frozen plasma — | 
MeSQC ENIM eae ee RN | 
| Kinetic time | Time from Prolonged K represents i 
| (K time) in | formation of deficiency of fibrinogen. ! 
minute | fibrin to 20 mm | Suggest cryoprecipitate i 
| of clot strength E 
Alpha-angle = Rateoffibrin — | Decreased angle represents 
in degrees | formation slow rate of clot formation due : 
| | to deficiency of fibrinogen. — | 
b | Suggest cryoprecipitate i 
. | Maximum | Maximum clot | Decreased MA represents | 
amplitude | strength decreased clot strength due | 
!(MAjinmm | to decreased platelet count | 
! or function, Indicates platelet: 
| l transfusion | 
t Lysis-30 | Fibrinolysis ! Increased Ly-30 suggests more 
| (Ly-30)% 30 minutes | rapid fibrinolysis and may be 
| ‘after MA | amenable to aminocaproic acid 
| ; | or tranexamic acid to prevent 
| clot lysis 


Lis n i 
TEG, thromboelastography. 


«— Lysis-30 —> 


R, reaction time; K, kinetic time. 


FIG. 1: Schematic representation of thromboelastogram 


transducer. With the formation of the clot, the rotation of the 
pin is changed accordingly that produces mechanical energy, 
converted to electrical energy by the transducer. A computer 
system then represents this electrical input to a graphical and 
numerical output. By only seeing the graph's characteristic, 
the time of onset of clot formation, rapidity of clot formation, 
maximum strength of clot and the rate of clot, lysis can be 
easily assessed. This test is helpful clinically in deciding, if the 
patient requires any blood products and also which type of 
blood products. Thus by using TEG or ROTEM, inappropriate 
use of blood products is reduced. Transfusion decision by 
TEG results in the higher use of platelet and cryoprecipitate 
than blood orfirst frozen plasma (FFP). Thromboelastography 
done in ALF patients demonstrates a normal coagulation 
profile in 63% of cases and a hypercoagulable state in only 
8% of cases.’ In advanced stage of cirrhosis, TEG reveals 
decreased maximum amplitude of clot indicating reduced 
clot strength due to thrombocytopenia and tendency toward 
anticoagulation, which is not seen in earlier stage. Thus, 
thrombocytopenia or asthenia is directly related to the 
chronicity and severity of liver disease as evidenced by TEG. 

As TEG parameters are a reflection of the cumulative 
effect of hemostatic status, it can be used in predicting if 
patients with ALF or CLD have an increased risk of bleeding 
or not. In patients with ALE if TEG shows an increased 
reaction (R) time, that indicates an increased risk of further 
bleeding, which may not be detected by insignificant 
change in international normalized ratio (INR) value 
between bleeding and nonbleeding groups.’ In cirrhotics, 
TEG can anticipate patients with high risk of bleeding from 
esophageal varices, even in those with normal traditional 
coagulation parameters? Despite the beneficial effects of 
TEG as stated earlier, some studies show very contradictory 
results that are still not explained well. A study by Kang et al. 
found TEG parameters to be matched well with conventional 
coagulation assays.? However, a recent study by Stravitz 
et al. reveals contradictory results. They found prolonged 
R time correlates well with clinically evident thrombosis, 
thus indicating a hypercoagulable state.’ Thus further well- 
designed, randomized, and prospective trials are necessary 
for a stronger and better validation of TEG. 


U CLINICAL IMPLICATIONS —— 


Bleeding 


Patients of ALF rarely bleed. Bleeding is a more important 
problem in patients with CLD. It has been found that most 
episodes of bleeding in CLD are due to variceal bleeds in 
nearly 25-35% of cirrhotic patients. Nonvariceal bleeding 
is also not less common in these patients. It occurs in nearly 
20% of decompensated cirrhotics.!! Bleeding risk is also 
increased while doing invasive procedures like liver biopsy, 
thoracentesis, paracentesis, coronary angiography, large vein 
or arterial catheterization. Despite the wide array of tests 
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available, none can predict convincingly the risks of bleeding 
in liver failure. As stated earlier, infection, uremia, portal 
hypertension, and certain medications contribute further 
to the risk of bleeding. Thus, a prudent clinical approach is 
imperative while deciding on invasive interventions in these 
patients. 


“Disseminated Intravascular 


Coagulation and Accelerated 
Intravascular Coagulation and Fibrinolysis 


As discussed earlier, dysregulated hemostatic mechanisms 
in liver disease often lead to a state almost resembling 
disseminated intravascular coagulation, which is known as 
AICE Accelerated intravascular coagulation and fibrinolysis 
is due to a defect in synthesis of pro- and anticoagulants from 
hepatocytes and a hyperactive fibrinolysis, while in DIC the 
cause is activation of thrombotic pathway in smal] vessels 
that leads to an excessive consumption of coagulation factors 
and traumatic blood cell damage known as thrombotic 
microangiopathy. These two conditions so closely resemble 
each other that differentiation between the two is difficult. 
In both these conditions, there is hypofibrinogenemia. To 
distinguish them, clinical judgment is imperative to identify 
whether any predisposing factor is present to activate 
the cascade of DIC or not. Some laboratory findings may 
differentiate these two situations: 
e Factor VIII generally remains normal or is increased in 
liver disease, while it is reduced in DIC 
e D-dimer mostly remains normal or is mildly elevated in 
liver disease but it is markedly increased in DIC indicating 
ongoing active fibrinolysis. 

Unfortunately, significant overlap may exist and complicate 

the diagnostic dilemmas. 

Factor VIII:V ratio was found to predict mortality in para- 
cetamol-induced ALF in one study. A ratio of «30 indicates 
a good prognosis while >30 correlated with high mortality." 

Most importantly, it is not uncommon to see a patient 
with liver disease who also has DIC due to the presence of 
risk factors like infection, sepsis or malignancy that activate 
the cascade of DIC. 


Thrombosis 


A few studies have indicated that patients with liver disease 
have a proclivity toward thrombosis, rather than bleeding. 
The thrombotic episodes mainly include deep vein throm- 
bosis, portal vein thrombosis and pulmonary embolism (PE). 
Some studies reveal that portal vein thrombosis correlates 
well with the severity and chronicity of cirrhosis ranging 
from 1% in compensated cirrhosis to approximately 8-25% 
in decompensated cases posted for liver transplantation." 
Nery et al. found a different result. According to their study, 
there is no evidence that the development of portal venous 
thrombosis is responsible for further progression of liver 


disease.'^ Deep vein thrombosis and subsequent PE is seen 
in 0.5-8% of cases. Identifying which patient has a potential 
to bleed or who is a candidate for thrombotic episodes is 
challenging and most of the time remain unanticipated 
by laboratory parameters. International normalized ratio 
values do not have a correlation with such increased risk 
of thrombosis nor can its raised level indicate a protection 
against venous thromboembolism (VTE).'6 Thus, recognizing 
this subgroup is an important consideration. Some risk 
factors like increased age, presence of malignancy, prolonged 
bed-ridden state, male gender, postmenopausal women with 
hormone therapy, associated comorbidities, poor nutritional 
status, and indwelling catheters indicate risks more toward 
thrombosis. Serum albumin level is found to be a suitable 
marker in identifying patients with thrombotic risk. Risk is 
increased to five times with albumin level «1.9 mg/dL.’® 


Medications to Avoid 


Due to this complexity in hemostatic mechanism and also 
due to poor predictive ability of laboratory parameters, 
some drugs which either have increased bleeding risk or 
thrombotic risk should-be better avoided until the benefits 
of those clearly outweigh the risk associated with them. 
Commonly used analgesics, antipyretics, and over-the- 
counter nonsteroidal anti-inflammatory drugs should be 
avoided. Another important consideration is antiplatelet 
agents like aspirin or P2Y12 inhibitors (e.g., clopidogrel). If 
cardiovascular indications like recent myocardial ischemia 
or percutaneous transluminal coronary angioplasty 
suggests beneficial effect of antiplatelet agents, they 
should be continued, accepting a higher-bleeding risk. Any 
hemostatic agent should also be deferred unless there is any 
life-threatening bleeding. 


A MANAGEMENT — — 


Venous Thromboembolism Prophylaxis 


Liver disease patients, despite having increased PT, 
APTT, and INR levels are at an increased risk of VTE, but 
whether one should initiate antithrombotic prophylaxis is 
controversial. A few studies also suggest that VTE prophylaxis 
is underprescribed due to misconception that these patients 
are autoanticoagulated and the condition is often ignored 
by falsely elevated anticoagulation markers. Recently, a 
randomized controlled trial was done in CLD patients with 
mean Model for End-Stage Liver Disease score of 16.2. They 
were compared between unfractioned heparin and low- 
molecular weight heparin. The study found that subsequent 
bleeding risk or heparin-induced thrombocytopenia is not 
significantly increased." Efficacy of mechanical sequential 
compression device has not been evaluated on a large 
scale, but is thought to be ineffective treatment option 
in the presence of peripheral edema. Pharmacological 
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treatment may also be complicated by presence of renal 
failure. So, prophylaxis depends mostly on clinician's 
discretion and experience. However, in the presence of 
severe thrombocytopenia (platelet count <50,000/pL), 
active bleeding or high risk varices (e.g., red wale marks and 
stigmata of recent bleeding) and heparin prophylaxis should 
be avoided. 


Venous Thromboembolism Therapy 


Therapeutic intervention in the setting of CLD is compli- 
cated due to increased risk of bleeding and also difficulty 
in monitoring the adequacy due to elevated level of 
baseline PT, APTT, and INR. Moreover, there is still no 
recommendation regarding specific anticoagulant, dose, 
and duration of therapy. Thus, before initiating therapy, 
one has to balance the risk and benefit of anticoagulation 
considering the presence or absence of variceal bleeding. 
Check endoscopy should be done to identify presence of 
varices and its severity before initiating therapy. If varices 
are present, placement of inferior vena cava {IVC) filter 
may be a better option. If peripheral veins and involving 
lower limbs are present, one has to keep in mind that IVC 
filter also has thrombogenic potential. But recent advent of 
removable filter, which may be used temporarily, may be 
considered. If PE is present, therapy should be initiated after 
stabilizing varices. In patients without significant varices, 
therapy. may be done with either vitamin K antagonist 
like warfarin or direct thrombin/factor Xa inhibitors like 
dabigatran, apixaban, rivaroxaban, and endoxaban.!? The 
duration of therapy depends on clinical judgment as no 
recommendations exist. 


Pulmonary Venous 
Thromboembolism Prophylaxis 


Pulmonary venous thromboembolism (PVT) risk is 
increased simultaneously with disease severity.? Risk is also 
increased by presence of hepatic malignancy or associated 
with inherited coagulopathy like thrombophilia, factor V 
Leiden mutation. Prophylaxis mainly focuses on optimizing 
hepatic function, reducing portal venous pressure, 
and augmenting portal flow by reducing venous stasis. 
Prophylactic use of anticoagulant is not always necessary 
for PVT unless other reasons of anticoagulant therapy 
coexist. In some retrospective studies, it was observed that 
use of anticoagulants effectively hasten the recanalization 
rate.? Various societies do not make any recommendations 
regarding use of anticoagulants in PVT in cirrhotics.?! 
Therefore, treating patients with thrombosis depends 
€n dinical discretion. There is no clear cut evidence till date 
regarding which anticoagulants should be used in what 
doses and for how long. Due to preexisting abnormalities 
in INR, dosing and monitoring is also difficult. Before 
initiating medications, patients should be screened for 


esophageal varices and if present it should be stabilized first 
or prophylaxis of variceal bleed should be initiated either 
with band ligation or nonselective B-blockers. It decreases 
risk of bleeding in PVT patients while anticoagulants are 
given.? Enoxaparin can be given at either a dose of 1 mg/kg 
subcutaneously twice daily or 1.5 mg/kg once daily. 


Bleeding 


Bleeding in patients with liver disease is mostly due to 
portal hypertension-causing variceal rupture rather than 
hemostatic abnormalities. However, nonvariceal bleeding 
also comprised of 20% of cases in a study by Shanane et al. 
The reasons are portal hypertensive gastropathy, gastric 
vascular ectasia, peptic ulcer for upper gastrointestinal 
(UGI) bleed and portal hypertensive colopathy for lower 
gastrointestinal bleed. Other rare causes of UGI bleed are 
Dieulafoy's lesion, Mallory-Weiss syndrome, and portal 
hypertensive enteropathy. Bleeding can also occur during 
interventions as stated earlier. As bleeding risk cannot. be 
anticipated by only relying on INR, often the intervention is 
delayed. Possibilities of having vitamin K deficiency are to be 
kept in mind while dealing with such patients. Decision of 
blood product transfusíon is better made on the basis of TEG/ 
ROTEM as unnecessary use of blood products is reduced. 


Vitamin K Deficiency 


Chronic liver disease associated with vitamin K deficiency 
is very common due to alcohol intake, malnutrition, 
cholestasis, diarrhea, or antibiotic use. When it is suspected, 
vitamin K should be replaced. In an actively bleeding 
patient the dose is 10 mg intravenously at a rate not »1 mg/ 
min. When bleeding is minor the oral route is preferred, if 
there is no abnormality in intestinal absorption. The dose is 
10 mg/day for 3 days. 


Cryoprecipitate and First Frozen Plasma 


Though blood product transfusion is better guided by TEG/ 
ROTEM for active or poorly controlled bleeding when blood 
product transfusion is an emergency, cryoprecipitate is 
transfused at a dose of one bag/10 kg body weight. First frozen 
plasma can also be given. Cryoprecipitate offers less volume 
load than FFP for same amount of fibrinogen replacement. 
The target fibrinogen level is at least 100-120 mg/dL.” 
Some clinicians also prefer to give cryoprecipitate or FFP 
even when fibrinogen level is »120 mg/dL. Risk of variceal 
bleeding should be considered due to increased portal 
venous flow secondary to volume overload even if varices 
are not the primary site of bleeding. If the bleeding is still not 
controlled then prothrombin complex concentrate or a factor 
Vila may be considered on the basis of clinical judgment, but 
should not be used aggressively due to increased chance of 
thrombosis. 
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Red Blood Cell and Platelets 


Blood should be transfused with target hemoglobin of 7 g%. 
Packed red blood cell should be used rather than using whole 


‘blood. Higher target of hemoglobin may be considered in 


patients with cardiovascular disease. 

According to American Association for the Study of 
Liver Diseases guideline, platelet should be transfused to 
maintain a platelet count above 50,000-60,000/uL. In 
case of active, severe, or central nervous system bleeding, 
platelets should be maintained above 100,000/pL. Need 
for platelet transfusion may be guided by the TEG study to 
decrease inadvertent usage. During liver biopsy, platelet 
should be maintained above 60,000/uL, as a small study 
indicates greater chance of bleeding during liver biopsy if 
platelet counts falls below that level.** As hyperfibrinolysis is 
a well-known complication in liver disease, antifibrinolytic 
like tranexamic acid (TXA) or epsilon aminocaproic acid 
may be considered for active bleeding. A Cochrane review 
also supports the use of TXA in UGI bleeding. Tranexamic 
acid is also considered as safe and effective antifibrinolytic 
agent in liver transplant patients.” Though these agents 
may be used either orally or intravenously or soaked in 
gauze during dental extraction procedures, but the dose in 
liver disease has not been established and it is used on the 
basis of clinical response. 


B CONCLUSION 


In liver disease, due to complex and unpredictable 
alterations of pro- and anticoagulant proteins, a new 
hemostatic state arises known as rebalanced hemostasis. 
Conventional laboratory parameters of coagulation 
may mislead clinician in predicting risk of bleeding or 
thrombosis as well as anticoagulant dosing and monitoring. 
Thromboelastography/ROTEM helps more judicious use 
of anticoagulants or antifibrinolytic agents. In volume- 
overloaded patients, cryoprecipitate is better option than 
FFP as volume overload also worsens portal hypertension. 
Platelet transfusion should be considered during invasive 
procedures, as thrombocytopenia or thrombosthenia is 
inevitable association in liver disease. Life-threatening 
thrombotic events should be treated prudently on case-by- 
case basis. Still, there are many unanswered questions and 
large scale trials are needed to establish better evidence for 
management of these difficult clinical situations. 
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Permissive Underfeeding in 
Intensive Care Unit: Current Status 


Saswati Sinha 


@INTRODUCTION — 

Catabolism is almost inevitable in the seriously ill patient 
leading to protein breakdown, negative nitrogen balance, 
and a loss of lean body mass up to 15-20% during the first 
few days of intensive care unit (ICU) stay particularly in 
patients with multiorgan failure thereby negatively affecting 
outcome. Patients during critical illness are unable to feed 
orally adequately due to both the disease and the therapy 
and hence the need to provide nutrition enterally or 
parenterally to mitigate these deficits. Several studies have 
shown that cumulative nutritional deficits are associated 
with adverse outcomes in critically ill patients. On the 
other hand, overfeeding or excessive caloric intake has 
been associated with hyperglycemia, insulin resistance, 
hepatic steatosis, increase in mechanical ventilation and 
mortality.! For decades, it has been dogmatically accepted 
that nutritional support must provide 100% of the estimated 
caloric requirement at all times. There is a lack of consensus 
regarding the caloric target for feeding critically ill patients. 


E TERMINOLOGY —. 


Permissive underfeeding is the provision of lower than goal 
nutritional intake which aims at preserving gut mucosal 
integrity, preventing bacterial translocation, allowing better 
absorption of nutrients simultaneously alleviating the 
problems associated with overfeeding. Several terminology 
have been used interchangeably such as trophic or trickle 
feeding, which amounts to feeding at 10-20 mL/h (500- 
1,000 kcal/day) or hypocaloric feeding, which usually refers 
to lower than recommended or target energy intake. 


-E RANDOMIZED CONTROLLED TRAILS 


r ON PERMISSIVE UNDERFEEDING 
8 IN INTENSIVE CARE UNIT 


nl M M—— A 


l In 2011, Arabi et al. randomized 240 medical- 
surgical ICU patients to permissive underfeeding or 


target feeding (calorie target: 60-70% vs. 90-100%, 
respectively). The standard calorie requirement was 
estimated using the Harris-Benedict equation taking 
into account stress factors. Caloric intake also included 
intravenous dextrose and propofol. Protein requirement 
was calculated as 0.8-1.5 g/kg as per disease and 
underlying cóndition. There was no difference in the 
primary outcome of 28 day all-cause mortality—18.3% 
in the permissive underfeeding group versus 23.3% in 
target feeding group [relative risk (RR)—0.79; confidence 


- interval (CI)—0.48-1.29, p = 0.34). Hospital mortality 


was lower in permissive underfeeding group (30.0% vs. 
42.5% RR—0.71, 95% CI 0.50,0.99; p = 0.04). There was 
no difference in ICU length-of-stay (LOS) or mechanical 
ventilation days, infections orneedfor renal replacement 
therapy? 


. In 2012, Rice et al. randomized 1,000 adult patients with 


acute lung injury within 48 hours of requiring mechanical 
ventilation to trophic or full enteral feeding for first 6 
days or extubation or death. After 6 days, patients who 
remained ventilated were shifted to full feeding protocol. 
Trophic feed was defined as 10-20 kcal/h. Full feeding 
rates were estimated as 25-30 kcal/kg/day of nonprotein 
calories and 1.2-1.6 g/kg/day of protein. There was 
no difference in ventilator-free day (VFD) to day 28, 
which was the primary endpoint (4.9 vs. 15). Apart from 
fewer incidences of gastrointestinal (GI) intolerance, 
hypocaloric feeds did not reduce mortality, infections, 
or LOS [Early Versus Delayed Enteral Feeding to Treat 
People With Acute Lung Injury or Acute Respiratory 
Distress Syndrome (EDEN) trial? 


. In 2014, Petros et al. randomized 100 critically patients 


within 24 hours of ICU admission to normocaloric (100% 
daily energy expenditure) or hypocaloric (50% daily 
energy expenditure) for first 7 days of ICU stay. Primary 
outcome-incidence of nosocomial infections occurred 
more in hypocaloric group but insulin demand and GI 
intolerance were lower. Intensive care unit and hospital 
mortality were unchanged.* 
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4. In2014, Charles etal. aimed at determining, if hypocaloric 


feeding could reduce surgical infections. A total of 83 
patients were randomized to eucaloric versus hypocaloric 
feeding. Caloric intake was estimated as 25-30 kcal/kg/ 
day in eucaloric and 12.5-15 kcal/kg/day in hypocaloric 
group. Protein intake 1.5 g/kg/day was uniform in 
both groups. There was no difference in any endpoints 
including infections, glucose control, ICU/hospital LOS, 
or mortality even after stratifying for gender, admission 
diagnosis, infection site, or causative organism." 

In 2015, Arabi et al. attempted to readdress this issue 
and randomized 894 critically ill patients to permissive 
underfeeding (40-6096 ofcalculated calorie requirements) 
versus standard enteral feeding (70-100% of calculated 
energy requirements) while maintaining similar protein 
intake for up to 14 days. Protein supplements were 
administered in the hypocaloric group to maintain the 
balance. Primary outcome was 90-day mortality. This 
trial too found no difference [27.2 vs. 28.9% patients 
died, relative risks (RR)-0.94; 95% confidence interval 
(CI) 0.76-1.16; p = 0.54). Feeding intolerance, infection, 
diarrhea as well as ICU and hospital LOS were also similar 
(PERMIT trial). 

With the aforementioned studies in view, should the 


concept of permissive underfeeding change our day-to-day 
clinical practice and several issues need consideration? 


Numerous studies have shown a positive correlation 
between protein and energy intake and clinical outcomes. 
Alberda et al. studied 2,884 patients from 167 ICUs 
across 37 countries for maximum 12 days in ICU. Body 
mass index was used to stratify premorbid nutritional 
status. An increase of 1,000 kcal/day decreased 60-day 
mortality (RR-0.76, 95% CI 0.61-0.95, p = 0.014) and 
increased VFDs (3.5 VED, 95% CI 1.2-5.9; p = 0.003). The 
benefit was seen in patients with body mass index <25 or 
>35 with similar relation to protein intake’ 
Daren Heyland et al. have highlighted that not all ICU 
patients have the same nutritional risk and propose that 
patients with higher nutritional risk be identified. The 
Nutrition Risk in Critically ill (NUTRIC) score is a practical, 
bedside tool using parameters—age, APACHE II (Acute 
Physiology and Chronic Health Evaluation (APACHE) II), 
SOFA (Sequential Organ Failure Assessment), number 
of comorbidities, days from hospital to ICU admission 
and interleukin (IL)-6 (optional). Higher scores (6-10, 
5-9 if IL-6 available) are associated with worse clinical 
outcomes (mortality and ventilation) and identify 
patients who would benefit from aggressive nutrition 
therapy? 

Most of the trials on permissive underfeeding have 
included younger patients who were likely to have a 
normal NUTRIC score and excluded high-risk patients, 
which would limit extrapolation of the results. 


* Another major caveat being most trials have calculated 
requirements based on body weight, which may be actual 
or ideal body weight which are mostly approximation 
rather than estimation by indirect calorimetry, which is 
not universally available. A recent pilot trial has shown 
that closely supervised nutritional delivery based on 
repeated energy measurements was achievable and 
might be associated with a lower hospital mortality’ 

* There is a paucity of long-term outcomes in trials on 
hypocaloric feeds. Needham et al. presented the 1 year 
follow up of EDEN trial and showed that initial nutritional 
adequacy in ICU may be linked with better physical 
outcomes at 1 year, which has also been confirmed by 
other larger observational studies. 


= CONCLUSION 


The importance of nutrition in ICU is indisputable, however, 
there is controversy regarding the optimum dosage. No 
single prescription fits all and with present data available, 
permissive underfeeding might offer some benefits like 
attenuating infection risk and some short-term outcomes, 
but it can still not be the norm for all ICU patients and it is 
prudent to tailor nutrition based on premorbid status and 
aim at optimizing protein and calorie intake, especially for 
patients at nutritional risk. 
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Making Parenteral 
Nutrition Safer 


Subhash Todi, Sadanand S Kulkarni 


; INTRODUCTION 


Nutrition is fundamental to health. While in most patients, 
an adequate dietary intake can be ensured by providing 
adequate enteral nutrition (EN), in others whom nutritional 
requirements cannot be met through enteral route, 
clinical nutrition support involving parenteral nutrition 
(PN) becomes indispensable. Parenteral nutrition is the 
intravenous infusion of nutrients directly into the systemic 
circulation, bypassing the gastrointestinal (GI) tract.! It 


- serves as an- important therapeutic modality that is used 


in adults, children, and infants for a variety of indications. 
The appropriate use of this complex therapy is, however, 
essential to maximize clinical benefits while minimizing 
the potential risk for adverse events and complications, 
which may occur both because of the PN admixture itself 
and the processes within which it is used.? The safe practice 
guidelines have been derived by different clinical societies 
in terms of PN.? 

Appropriate and safe prescribing/ordering of PN is a 
critical first step and an essential component of the PN- 
use process. The prescriber should be well versed in the 
appropriate indications for PN as well as vascular access 
devices (peripheral and central) and their associated 
complications! An extensive examination of the patient 
is required to decide on possible indications and 
contraindications for PN and to adequately calculate 
nutrient requirements. This should comprise underlying 
and preexisting diseases and therapies, the condition 
of the GI tract, possibilities for oral and/or enteral food 
intake, the venous access, nutritional status, and laboratory 
parameters. Generally, PN is indicated for all patients 
who are malnourished or at risk of malnutrition and who 
cannot be fed adequately and/or safely via the oral/enteral 
Toute and those who have a nonfunctional, inaccessible 
or perforated GI tract.!^ Also, PN should be considered 


to supplement or replace enteral tube feeding to avoid 
malnutrition due to insufficient or absent EN. 


| FACTORS NEED TO BE 
CONSIDERED TO ENSURE 
& SAFETY OF PARENTERAL NUTRITION 


Osmolarity/Osmolality 


One of the most important factors, which should be taken 
into consideration to provide safe PN to hospitalized patients 
is the osmolarity of the PN solution. Osmolarity is a measure 
of the osmotically active particles in the solute (osmoles) 
per liter of solution. It has been suggested that PN with 
an osmolarity of up to 900 mOsm/L can be safely infused 
peripherally. The administration of PN via a peripheral 
vein, often referred to as peripheral PN (PPN), is limited by 
tolerance to the concentrated macronutrient formula and 
high fluid volumes. The most significant complication limiting 
the tolerance of PPN is the development of thrombophlebitis. 
As characterized by redness, burning sensation, and rapid 
thrombosis. The incidence of thrombophlebitis is related 
to the osmotic content of the infused formula as well as 
the infusion rate. Dextrose and amino acids are significant 
contributorsofsolution osmolarity.’ Itisimportanttonotethat 
lipid emulsions are isotonic with blood and exert a soothing 
effect on the veins. Therefore, PN admixtures-containing 
lipid emulsions are less hypertonic than emulsions-based 
solely on glucose as an energy source, and, consequently, 
more suitable for PPN.! Peripheral PN offers an easy-to-use 
and, if handled adequately, safe method for feeding patients 
in need of PN for a limited duration of 7-10 days. Peripheral 
PN is also indicated in patients with a moderate malnutrition 
status with lack of central venous access, and when a central 
venous PN is not justified due to a negative risk-benefit ratio 
(catheter sepsis or bacteremia). 
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Multiple Single Bags or Single-bag 
Multichambered Parenteral Nutrition 


Parenteral nutrition formulations in multichamber bags 
often referred to as "premixed" although they require mixing 
before administration have been recommended as safer 
and more efficient delivery systems for macronutrients 
and micronutrients compared with traditional single-bag 
formulations." 


Non-nutrient Medication in 
Parenteral Nutrition 


When maximizing thesafety in PN, itis essential to understand 
the implications of the use of PN admixture as a vehicle for 
non-nutrient medication delivery. It has been recommended 
that non-nutrient medication should be included in PN 
admixtures only when supported by pharmaceutical data 
describing physicochemical compatibility and stability of the 
additive medication.9? 

Taking into account all of the contents, the stability 
and compatibility of PN admixtures are pharmaceutically 
complex in the absence of drug additives.9? 

Given this complexity, caution is required before 
introducing substances (including medication) not known 
to be compatible and stable with PN. The inclusion of non- 
nutrient medication with PN admixtures, however, is not 
generally recommended.” 


Central Venous Catheters and Care 


In the planning of PN, the proper choice, insertion, and 

care of the venous access are of outstanding importance.'? 

Parenteral nutrition solutions are administered either via 

a central venous catheter or peripheral venous cannulas.'! 

When choosing the appropriate route of access, the following 

criteria should be taken into consideration: !?!! 

e Condition of the patient (type of illness, current state of 
health, etc.) 

e Accessibility of the venous system 

* Composition of the infused solution and amount of 
energy to be administered 

e Osmolarity of PN products 

* Planned duration of PN (short-term or long-term). 


Indications for Central Venous Access 


According to the recommendations of the European Society 
for Clinical Nutrition and Metabolism (ESPEN), central 
venous access is indicated in the majority of patients with the 
following indications: 

e Need for long-term (>1 months) nutritional support 

« Patients with poor peripheral veins 

e Need for hyperosmolar solutions (osmolarity 3850 mOsm/L) 
e Glucose concentration >125 g/L! 


e High-nutrient requirements 

e Severe fluid restriction 

e Administration of solutions with pH «5 or pH >9 
e Need for multiple lumen intravenous treatment. 


Catheter Care 


In order to prevent catheter-related infections, proper 
insertion site care has been considered one of the most 
important measures. Strict hand hygiene and skin antisepsis 
during placement and handling as well as regular monitoring 
of the exit site are prerequisites for minimizing microbial 
colonization. Flushing .maintains catheter patency and 
reduces fibrin or thrombus formation. It has been suggested 
though not commonly practiced, that very low doses 
(1 mg/day) of warfarin can protect against thrombosis in 
patients with long-term central venous access.” 

European Society for Clinical Nutrition and Metabolism 
has given following recommendations to reduce the risk of 
catheter-related infections:!° 
e Use of single-lumen catheters 
e Appropriate choice of insertion site 
e Use of 2% chlorhexidine as skin antiseptic 
e Disinfection of hubs, stopcocks, and needle-free 

connectors 
e Regular change of administration sets. 


Monitoring 


It is important to note that the use of PN is not associated with 
increased mortality compared to EN. The risk of PN-associated 
complications such as refeeding syndrome, hyperglycemia, 
bone demineralization, and catheter infections can be 
minimized by careful and systematic monitoring of clinical 
and laboratory parameters.'?'^ During the early phase of 
PN, particularly in critical illness, biochemical monitoring 
(blood glucose, urea, electrolytes, and blood gases) should 
be performed daily. The full set of laboratory parameters 
should then be repeated 2-3 times a week after reaching the 
estimated or tolerated nutritional requirements. For stable 
home PN patients, the intervals between measurements may 
be extended further. Regular monitoring of PN can result in 
reduced complications and reduced costs.!5:16 


CONCLUSION ues ds 


Parenteral nutrition (parial, supplemental or total) is an 
integral part of modern nutrition care in intensive care 
unit. A safe delivery of this modality needs to be ensured 
by the multidisciplinary team comprising of physician, 
nurses, nutritionist and pharmacist. Indications and 
contraindication of' such intervention, with risk benefit 
ratio should be carefully considered for individual patient. 
A proper modality and vascular access should be chosen. 
Careful monitoring of patients on PN should be done. 
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Last but not the least ,timing initation and termination of 
PN should be carefully based on available evidence and 
guideline recommendations. 
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Autophagy: 
Relevance to Critical Care 
Subhash Todi, Sriram Sampath 
a INTRODUCTION" reticulum, and also to invading bacteria, viruses, and 


Until now the field of critical care research was focused 
on identifying mechanisms of cellular injury by infection, 
inflammation, trauma, ischemia reperfusion, etc. through 
dysregulated inflammatory response and strategies to 
modulate this response for a favorable outcome from an 
external or internal insult. Not much emphasis was placed 
on the mechanisms of cellular repair and recovery, e.g., 
autophagy, modulation of which has attracted major 
attention of scientific community leading to award of Nobel 
Prize in Medicine in 2016 to Yoshinori Ohsumi for his work 
in this field. Defective autophagic processes seem to play 
a major role in infection, recovery from illness, nutrition, 
muscle metabolism all of which play a pivotal role in 
critically ill patient. Moreover, this phenomenon also plays 
an important role in development of cancer, autoimmune 
diseases and neurodegenerative diseases.! This chapter 
will briefly describe the phenomenon of autophagy and its 
relevance to critical illness particularly in the field of nutrition 
support where this concept has been applied from “bench to 
bedside” 


$; MECHANISM OF 
8 AUTOPHAGY”? (FLOWCHART 1) 


All eukaryotic organisms have two methods of cell 
degradation—proteosomic and lysosomic. The proteosomic 
pathway is more important in amino acid homeostasis during 
the fed and healthy state. On the other hand, lysosomal 
pathway plays a major role in tissue homeostasis through the 
phenomenon of autophagy during the conditions of stress 
and nutritional deprivation. Autophagy is also known as 
macroautophagy in order to differentiate it from other less 
important autophagic mechanisms like microautophagy and 
chaperone-associated autophagy. It is a mechanism by which 
cell repairs itself from damaged intracellular organelles 
ike mitochondria, ribosomes, large proteins, endoplasmic 


lipopolysaccharides which if left unscavenged will lead to 
cellular injury. This occurs by the fusion of lysosome to an 
autophagosome, which contain the intracellular organelle 
or invading organism. The proteolytic enzymes within the 
lysosome breaks down the organelle.or the organisms into 
its various components, which is ultimately extruded out 
of the autophagosome-lysosome assembly to be recycled 
as the constituents of new organelles contributing to repair 
of the cell. Metaphorically, the autophagy process acts like 
a "recycle bin" of a desktop computer where unnecessary 
folders can be stored and utilized later on to prevent 
the computer from getting "crashed" due to overload. 
Autophagy acts as a quality-control mechanism inside the 
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cell by maintaining the important intracellular constituents 
especially for postmitotic cells like neurons and hepatocytes. 
This process is genetically determined through autophagy- 
targeted genes (ATG) and can be a nonspecific scavenger 
(macroautophagy) or specitic for certain organelles and other 
products namely mitochondria (mitophagy), bacteria and 
viruses (xenophagy), protein aggregates (aggregatophagy), 
lipid (lipophagy), etc. Thus autophagy tends to maintain 
intracellular homeostasis in health and disease. The process 
of autophagy may become inhibited by excessive calories 
and protein, insulin, hyperglycemia and stimulated by 
stress, starvation, glucagon, rapamycin (sirolimus), and 
glutamine. Autophagy is distinct but related to apoptosis, in 
the sense that the latter isa phenomenon of natural cell death 
where cell chromatin and other organelles get condensed 
and ultimately taken up by macrophage leading to cell 
death (programed cell death type-1). On the other hand, 
unregulated autophagy may also lead to excessive destruction 
of intracellular organelles leading to apoptosis (programed 
cell death type-2). Thus autophagy can be protective in health 
and disease, but may also be destructive, if unregulated. Both 
autophagy and apoptosis are distinct from necrosis, which 
is a nonprogramed cell death secondary to inflammation 
due to impaired autophagic pathway or overwhelming 
insult, leading to cell swelling and destruction with release 
of proteolytic enzymes resulting in tissue and organ damage. 


& AUTOPHAGY AND CRITICAL CARE 
t NUTRITION? (FLOWCHART 2 AND FIG. 1) 


Critical illness invariably leads to decrease energy and 
protein intake in the face of increase protein catabolism and 
increased energy requirement leading to a state of protein 
calorie malnutrition. It is true that in many observational 
studies negative calories and nitrogen balance during early 
days of critical illness is associated with worse outcome." 
Although causality ofthis phenomenon cannot be established 


ATP, Adenosine triphosphate; TCA, tricarboxylic acid. 


FIG. 1: Autophagy in critical care nutrition 
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by these trials and in fact nutrition intervention trials have 
not resulted in substantial improvement in mortality. Most 
of the nutrition guidelines emphasize early enteral nutrition 
for better outcome. Though the guidelines describe in details 
the procedural aspects of nutrition, benefit of feeding per 
se has not been established. Some guidelines also advocate 
early parenteral nutrition, if enteral route is not sufficient 
within 2-3 days of intensive care unit (ICU) stay. Moreover, 
early aggressive nutrition to attain calories and protein goals 
within 2-3 days has been advocated for a better outcome." 1? 
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FLOWCHART 2: Competing process of autophagy and mammalian 
target of rapamycin-1 
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Onthe other hand, few studies have suggested that parenteral 
nutrition can be safely delayed for a week without harm and 
probably of some benefit, if enteral nutrition is not sufficient. 
Moreover, a strategy of hypocaloric or trophic feed for initial 
few days of enteral nutrition in mechanically ventilated 
patient was found to be noninferior to full feed. This has been 
studied in two randomized studies. In one trial, permissive 
underfeeding (60% of calories goal) significantly reduced 
hospital mortality. In the EDEN study (Early Versus 
Delayed Enteral Feeding to Treat People with Acute Lung 
Injury or Acute Respiratory Distress Syndrome) conducted in 
mechanically ventilated patient hypocaloric feed of 400 kcal 
. (2596 of the target) was compared to 1,300 kcal (85% of the 
target) till 6 days and was not found to be inferior in terms of 
mortality and morbidity."? In one of the largest randomized- 
controlled trial in critical care nutrition, more than 4,000 
patients were randomized to early («3 days) versus late 
(>7 days) administartion of parenteral supplementation 
-to enteral feeding, if found insufficient to deliver calories 
and protein goals. The mortality outcome was similar and 
morbidity outcomes were better in the late parenteral 
nutrition group.? 

It has been consistently shown in studies comparing 
enteral versus parenteral nutrition that the infectious 
complications are lower in the enteral arm. The exact 
mechanism was unclear and was attributed to pro- 
inflammatory character of parenteral nutrition. It is equally 
possible that excessive calories, glucose, and protein load 
with parenteral nutrition, suppressed autophagy with 
impaired phagocytic function leading to increased infection 
tate in excessively fed patient. The underlying hypothesis 
of the hypocaloric feed trials is that full caloric feed or 
early parenteral nutrition during the early stage of critical 
illness impairs autophagy at the cellular level and results in 
more cellular injury. In fact, anorexia leading to restricted 
calories intake is a protective mechanism of any illness and 
circumventing it by forced early feeding is “going against 
nature” and may be harmful. Starvation predominantly 
protein deficiency stimulates the autophagic pathway, which 
helps in regenerating the essential amino acids from the 
breakdown products of intracellular organelles. Once the 
intracellular protein store is replenished, a negative feedback 
loop [mammalian target of rapamycin-I (mTORC1)] slows 
down the autophagic pathway, thus autophagy acts as a servo 
control mechanism of intracellular amino acid regulation in 
starvation and critical illness malnutrition.’ In experimental 
model autophagy, deficient cells fail to survive as they 
were not able to replenish essential protein constituents 
of antioxidant enzymes, respiratory cycle protein, etc. 
Autophagy suppression may lead to more accumulaticn of 
intracellular fat at the expense of protein due to the failure of 
recycling process.!4 i 

A contrary view to the protective role of autophagy has 
been put forward by some researchers." It has been suggested 


178 that autophagy is adaptive in less severe illness, but may 


become maladaptive as severity of illness increases as the 
bioenergetics mechanism by autophagy alone is insufficient 
to maintain homeostasis in the absence of external nutrition. 
Excessive stimulation of autophagy may stimulate type-2 
programed cell death or lead to necrosis. Furthermore, 
glutamine which is a stimulant of autophagic pathway has 
not been found to improve outcome in recent clinical trials. 
It has been hypothesized that there is a balance between two 
mechanisms during health and disease with autophagy and 
mTOR system having feedback control over one another, 
the former is useful in preserving intracellular organelle 
and the latter in increasing utilization of external nutrition. 
Artificial nutrition need to address these two key balancing 
mechanism to prevent both over- and underfeeding.‘ 


# AUTOPHAGY AND 
7 à, CRITICAL CARE INFECTION! 


Innate immune system is constinited ‘iy monocyte, 
macrophage, and neutrophils for early recognition and 
containment of invading pathogen. Adaptive immune system 
constituted by T and B lymphocytes for antigenic memory 
and delayed response to invading pathogens and dendritic 
cells, which act.as a link between innate and adaptive 
immunity are all: regulated by the autophagy. Xenophagy 
is a subtype of autophagy through which many bacteria, 
which are predominantly intracellular and viruses fuse with 
autophagosome and degraded. These consist of Salmonella, 
Shigella, Mycobacterium tuberculosis, herpes virus, and 
chikungunya virus. This mechanism may be taken as a 
target for pharmacological manipulation, e.g., by promoting 
autophagy, blocking the microbial mechanisms for evading 
autophagy, promoting engulfment of intracellular pathogen 
by autophagosome, etc. In fact, vitamin D and sirolimus 
(formerly known as rapamycin), antitubercular drugs have 
been associated with promoting autophagy. Autophagy- 
dependent adaptive immune system may be used for the 
development of vaccines. Recent studies have shown linkage 
of autophagy genes with susceptibility to infections. This is a 
fertile field for future research in critical care infection. 


ii AUTOPHAGY AND PERSISTENCE OF 
: MULTIORGAN DYSFUNCTION AND DELAYED 
; | RECOVERY FROM CRITICAL ILLNESS - 


it is a common observation in critically ill that even ‘after 
the initiating event, which may be infection, trauma or 
inflammation has been taken care of adequately by source 
control and anti-infectives the multiorgan dysfunction, 
which was initiated earlier persists in many patients. This 
implies a defect in recovery or repair mechanism leading 
to perpetuation of the organ damage. During the acute 
insult, damage to intracellular organelles (mitochondria 
and endoplasmic reticulum) need to be scavenged and new 
organelles need to be synthesized. In a knockout mice model, 
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where the autophagy gene ATG-7 was deleted, diminution of 
autophagy resulted and liver biopsy showed reduced number 
of autophagosome and increased damaged mitochondria 
accumulation. This was reflected by a phenotype of 
hepatomegaly and hepatocellular damage. In a similar 
model, skeletal muscle biopsy revealed decrease in myofibril 
size, vacuolation of myofibers, and reduction of muscle 
strength. As hyperglycemia and insulin are suppressors of 
autophagy, in a clinical study of intensive insulin therapy 
for strict glycemic control carried out in a surgical ICU, liver 
and skeletal muscle biopsies were performed postmortem 
in a selected group of patients from both arms of the trial, 
i.e., conventional therapy (liberal glucose) with tight control 
of glucose. In conventionally treated patient with liberal 
blood sugar both histologically and biochemically, there was 
evidence of deficient autophagy similar to that seen in the 
animal model. In the corresponding clinical study, persistent 
multiorgan dysfunction was also greater in conventional 
arm. Though insulin also decreases autophagy, it seems 
hyperglycemia was more detrimental than insulin therapy. 

Removal of damaged mitochondria is a necessity for 
recovery from critical illness and presence of damaged 
mitochondria with accumulation of reactive oxygen species 
will prolong the illness. Mitophagy plays a key protective 
mechanism by acting as a "quality control" mechanism, 
getting rid of dysfunctional mitochondria followed by 
biogenesis of normal mitochondria. Excessive mitophagy 
can also be detrimental and thus can be à two-edged sword. 
In a rabbit model of burn injury, both hyperglycemic and 
hyperinsulinemic effect on autophagy was compared with 
hyperinsulinemic and normoglycemic state. It was shownthat 
hyperglycemia was associated with diminished autophagy 
with more organ damage and perpetuation of organ damage, 
and this could be prevented by the use of rapamycin, which 
isa promoter of autophagy. Hyperglycemia affects autophagy 
by promoting mTOR pathway, which is a suppressor of 
autophagy. In normal situation, this mechanism is adaptive, 
but becomes maladaptive in critical illness. Further studies 
are needed in humans to know how blood sugar modulates 
the autophagy pathway and threshold of sugars at which this 
protective pathway is adversely affected. 


AUTOPHAGY AND 
& CRITICAL CARE RELATED WEAKNESS - 


Autophagy is essential for maintaining muscle homeostasis 
in health and disease. In knockout mouse models, lack of 
autophagy was associated with accumulation of damaged 
mitochondria in the muscle, muscle degeneration, atrophy, 
and even more important observation was reversal of 
muscle damage after stimulation of autophagy postexercise. 
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Chaperone-associated autophagy pathway, a subtype of 
autophagy, is particularly important in disposing damaged 
organelles. Fasting and denervation-associated muscle 
wasting is exacerbated by excessive nutrition induced 
stimulation of autophagy. 


~ CONCLUSION 


The phenomenon of autophagy is a paradigm shift in critical 
care research ad may explain the failure of mega-sepsis 
trials targeting cytokines, endotoxin, toll-like receptor, etc. 
to decrease mortality as this approach does not address 
the back end of the problem of cell repair. Moreover, the 
apparent beneficial effect of trickle feeding and harmful 
effects of early parenteral nutrition can also be explained by 
this mechanism. The future research in this field will target 
means of modulating, both upregulating and downregulating 
autophagy and providing some bedside markers to elucidate 
the status of autophagy in an individual patient. 
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Nutrition Guidelines: 
What is New? 


Rajesh Pande 


* INTRODUCTION 


The 2016 American Society for Parenteral and Enteral 
Nutrition/Society of Critical Care Medicine (ASPEN-SCCM) 
guidelines! give basic recommendations based on published 
evidence derived from various databases as well as expert 
opinion and target adult (218 years) critically ill patients 
expected to require a length-of-stay (LOS) >2 or 3 days in 
a medical or intensive care unit (ICU) surgical ICU (SICU). 
The current 2016 guidelines also address specific population 
groups with specific organ failure (pulmonary, renal and 
liver), acute pancreatitis, surgical patients [trauma, traumatic 
brain injury (TBI), open abdomen (OA) and burns], sepsis, 
postoperative major surgery, chronic critically ill and critically 
ill, obese patients. These guidelines advocate that nutrition 
therapy should be tailored to the individual patient. The 
current guidelines continue to use the GRADE methodology? 
(Grading of Recommendations, Assessment, Development 
and Evaluations) for classifying the supportive evidence like 
2009 guidelines? (Table 1). 


= NUTRITIONAL ASSESSMENT" .. 


It was recommended to use Nutrition Risk in Critically ill 
(NUTRIC) score? (Table 2) and Nutritional Risk Score (NRS 
2002)" (Table 3) to assess the nutritional status of critically ill 


TABLE 1 GRADE classification 


Quality 


: ; Definition. 


: Further research is very unlikely to change c our 
: confidence in the estimate effect _ 


: Moderate ` ; Further research is likely to have an important impact | ; 
| : on our confidence in the estimate of effect and may 


; High 


l -change the estimate i 
! Low Further research is very likelytohaveanimportant — : 
impact on our confidence in the estimate of effect — 

.  andislikely to change the estimate i 

Very low Any estimate of effect is very uncertain. 


GRADE, Grading of Recommendations, Assessment, Development and Evaluations, 


TABLE 2 NUTRIC score 


, Variable 
i “Age 


NUTRIC score variables - ee 


“SOFA 
` Number of comorbidities eet 
“Days from hospital to ICU admission - 


NUTRIC score scoring system: finterleukin-6 available — 
Sum of Category - | Explanation: 
‘points hee 


` e Associated with worse clinical 


6-10 ` High score 
outcomes (mortality and ventilation) 
` e Most likely to benefit from aggressive 
ect | hutrition therapy — — 
0-5 Lowscore e e These panene havea low nutrition risk i 


Category 


_e Associated with worse clinical 


5-9 : High Score 
` outcomes (mortality and ventilation} 
; * Most likely to benefit from aggressive 
=.. | _ nutrition therapy — — i 
0-4  Lowscore |e These patients have a low nutrition risk ` 


NUTRIC, Nutrition Risk in Critically il; APACHE, Acute Physiology and Chronic 
Healtn Evaluation; SOFA, sequential organ failure assessment. 
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TABLE 3 Nutrition Risk Screening 2002 


"Initial risk screening 


1 Is BMI «20? 
2 i Has the patient lost weight within last 3 months? 
3 : Has the patient had a reduced dietary intake in the last 


_ week? 


ds the patient severely y ill? (eg, i in intensive therapy) | 


: Ifthe answer is is "Yes" to any question, the screening in final screening is performed - 


: if the answer is “No” to all questions, the patient is rescreened at weekly intervals. if the patient is scheduled for a major operation, a 
_ preventive nutrition care plan is considered to avoid the associated risk status 


Final screening _ 


‘Impaired nutritional status 
: Absent 

j ; core 0 —. 
Mild (Score 1); 


! Normal nutritional status 


| Weight loss >5% in 3 months. 
or 


; preceding week 


“Moderate Weight loss >5% in 2 months - 
‘(Score 2) T 
| ; BMI 18.5-20.5 + impaired general condition 
| or — 
: Food intake 25-50% of normal requirement in 
| ; preceding week _ uM ene eae 
| Severe | Weight loss >5% in 1 month (21596 in 3 months) 


|(Score3) for 
: BMI <18.5+ impaired general condition 

“or 

; Food intake 0-25% of normal requirement in 
|, _| preceding week — — 1 


| Score + Score = Total score 
| Age if 270 years: Add 1 to total score above = Age-adjusted score 


| Food intake below 50-7596 of normal requirement in 


: Moderate 


. Severity of disease (increase in requirements) 


Absent 
(Scored) ~ 


Mild (Score p»! 


Normal nutritional requirement 


“Hip fracture” 
; Chronic patients in particular with complications: 
Cirrhosis*, COPD*. 


; Chronic hemodialysis, diabetes, oncology — 


; ; Major abdominal surgery* 
; Score 2) : Stroke* 
Severe pneumonia, hematologic malignancy 
“Severe ` Head injury AU | 
(Score 3) Bone marrow transplantation 


` Intensive care (APACHE >10) 


| Score 23: The patient is nutritionally at risk and a nutrition care plan is initiated 
| Score <3: Weekly rescreening of the patient. If the patient is scheduled for major operation, a preventive nutrition care plan is considered to 


_ avoid th the associated risk. status. 


BMI, body mass index; COPD, chronic hatrictive puikon dikea APACHE, acute fephiysioledyan and chronic heatth e Sulis 


Note: NRS-2002 is based on an interpretation of available randomized clinical trials. *Indicates that a trial directly supports the categorization of patients with that 


diagnosis. 

Anutritional care plan is indicated in all patients who are: 
* Severely undernourished (score = 3) 

* Severely ill (score = 3) 

* Moderately undernourished + mildly ill (score 2 +1) 

* Mildly undernourished + moderately ill (score 1 + 2). 


Prototypes for severity of disease score = 1: A patient with chronic disease, admitted to hospital due to complications. The patient is weak but out of bed regularly. 
Protein requirement is increased, but can be covered by oral diet or supplements in most cases. 


Score = 2: A patient confined to bed due to illness, e.g., following major abdominal surgery. Protein requirement is substantially increased, but can be covered, 


although artificial feeding is required in many cases. 


Score = 3: A patient in intensive care with assisted ventilation, etc. Protein requirement is increased and cannot be covered even by artificial feeding. Protein 


breakdown and nitrogen loss can be significantly attenuated. 


patients in order to determine both the nutritional status and 
disease severity 
Patients at “risk” are identified by: 
¢ Nutritional Risk Score 2002 >3 and those at “high risk” 
with a score 25 


e A NUTRIC score 25 (if interleukin-6 is not included, 
otherwise »6). 
It was emphasized that nutrition assessment should 
include an evaluation of comorbid conditions, function of 
the gastrointestinal (GI) tract, and risk of aspiration. Use of 181 
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traditional, serum protein markers (albumin, prealbumin, 
transferrin and retinol-binding protein) was discouraged, 
as they do not accurately represent nutrition status in the 
ICU setting but reflects the acute-phase response (increases 
in vascular permeability and reprioritization of hepatic 
protein synthesis). {he use of indirect calorimetry (IC) 
was recommended as the best tool for determining energy 
requirement. Predictive energy calculation tools (Harris- 
Benedict, Ireton Jones, Penn state) or simple weight based 
equations (25-30 kcal/kg/day) can be used. 


Initiating Enteral Nutrition 


Early enteral nutrition (EN) was emphasized to be initiated 
within 24-48 hours in patient who is unable to take orally. The 
specific reasons for providing EN are to maintain gut integrity, 
modulate systemic immune response, and attenuate disease 
severity. Use of EN over parenteral nutrition (PN) was 
emphasized as the use of EN is associated with a reduction in 
infectious morbidity (generally, pneumonia and central line 
infections and abdominal abscess in trauma patients) and 
ICU LOS. 

Gastrointestinal motility should be evaluated in the 
majority of patients when initiating EN, overt signs of 
contractility should not be required prior to initiation of EN. 
Reduced or absent bowel sounds may only reflect greater 
disease severity. In most patients, it is acceptable to initiate 
EN in the stomach, but it should be given lower in the GI 
tract in patients who are at high risk for aspiration or have 
intolerance to gastric EN.®’ In hemodynamically unstable 
patients, EN should be withheld until the patient is stable. It 
may be started with caution during withdrawal of vasopressor 
support. Signs of intolerance [abdominal distention, 
increasing nasogastric (NG) output or gastric residual volume 
(GRV), decreased passage of stool and flatus, hypoactive 
bowel sounds, increasing metabolic acidosis, and/or base 
deficit] in patients on vasopressor therapy receiving EN could 
be indicative of gut ischemia, and EN should be held until 
symptoms stabilize. 


Dosing of Enteral Nutrition 


Patients who are at low nutrition risk and baseline normal 
nutritional status (e.g., NRS 2002 <3 or NUTRIC score <5) 
and cannot take orally do not require specialized nutrition 
therapy during the first week in the ICU. These low-risk 
patients should be reassessed daily, and if their disease 
severity, or expected LOS worsens, the risk/benefit ratio 
may faver initiation of EN therapy. Either trophic or full 
nutrition by EN is appropriate for patients with acute 
respiratory distress syndrome (ARDS) and those expected 
to have a duration of mechanical ventilation 272 hours.9? 
Trophic EN is defined as 10-20 kcal/h or up to 500 kcal/day. 
Sufficient protein should be provided in these patients. 
Protein requirements are in the range of 1.2-2.0 g/kg/day in 
burn or multitrauma patients. 


Monitoring Tolerance and 
Adequacy of Enteral Nutrition 


Daily monitoring for tolerance of EN should be done and 
inappropriate cessation of EN should be avoided. Nil by 
mouth during diagnostic tests or procedures should be 
minimized. Gastrointestinal intolerance is defined by 
vomiting, abdominal distention, discomfort, high NG output, 
high GRV, diarrhea, reduced passage of flatus and stool, or 
abnormal abdominal radiographs. Gastric residual volumes 
should notbe used as part of routine care in patients receiving 
EN. if GRVs are still utilized, holding EN for GRVs «500 mL 
in the absence of other signs of intolerance should be 
avoided. Use of GRVs leads to'increased enteral access device 
clogging, inappropriate cessation of EN, and consumption 
of nursing time and may adversely affect outcome due to 
less EN volume delivery. If GRVs is eliminated, careful daily 
physical examinations, review of abdominal radiologic films, 
and evaluation of clinical risk factors for aspiration should 
be done. Enteral nutrition protocols should be initiated, and 
efforts to proactively reduce risk of aspiration pneumonia 
should be made. It was recommended that in patients at high 


risk for aspiration, the level of feeding should be diverted by . 


postpyloric enteral access device placement.!? 

It was recommended that enteral feeding protocols and 
their proper implementation should be in place.!'5 Use of 
ICU- or nurse-driven protocols (defining EN infusion rate 
goals, specific orders for handling GRVs, frequency of flushes 
and conditions or problems under which EN may be adjusted 
or stopped) increase the overall percentage of energy- 
provided and volume-based feeding protocols targeting 24- 
hour or daily volumes instead of hourly rates increase the 
volume of nutrition delivery. 

For high-risk patients or intolerant to bolus gastric EN, 
delivery of EN should be switched to continuous infusion. 
Prokinetic medications (metoclopramide or erythromycin), 
may be initiated in such patients. 

In all intubated patients receiving EN, the head of the bed 
should be elevated 30-45? and chlorhexidine mouthwash 
twice a day should be used. Enteral nutrition should not be 
automatically interrupted for diarrhea, but rather that feeds 
to be continued while evaluating the etiology of diarrhea. 
Assessment of diarrhea should include an abdominal 
examination, quantification of stool stool culture for 
Clostridium difficile (and/or toxin assay), serum electrolyte 
panel, and review of medications. One needs to distinguish 
infectious diarrhea from osmotic diarrhea. 


Selection of 
Appropriate Enteral Formulations 


A standard polymeric formula when initiating EN should 
be used. Specialty formulas should generally be avoided. A 
standard polymeric isotonic feed 1-1.5 kcal/mL formula is 
appropriate and is well tolerated. One exception is the use of 
an immunomodulating formula in the postoperative patient 
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ina SICU setting. It was suggested that immunomodulating 
enteral formulations [arginine with other agents, including 
eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), 

jutamine and nucleic acid) should not be used routinely in 
the medical ICU (MICU) and their use should be reserved 
for patients with TBI and perioperative patients in the SICU. 
There are conflicting data regarding the use of an enteral 
formulation characterized by an anti-inflammatory lipid 
profile [e.g., 0-3 fish oil (FO) and borage oil] and antioxidants 
in patients with ARDS and severe acute lung injury (ALI) and 
po recommendation was done. 

A mixed fiber formula should not be used routinely 
prophylactically to promote bowel regularity or prevent 
diarrhea. Their use was suggested, if there was evidence of 
persistent diarrhea. It was suggested to avoid both soluble 
and insoluble fiber in patients at high risk for bowel ischemia 
or severe dysmotility. It was also suggested to consider use 
of small peptide formulations in the patient with persistent 
diarrhea, with suspected malabsorption or lack of response 
to fiber. 


Adjunctive Therapy 


A fermentable soluble fiber additive [e.g., fructooligo- 
saccharides (FOSs) and inulin] should be considered for 
routine use in all hemodynamically stable patients on a 
standard enteral formulation. Ten to twenty grams of a 
fermentable soluble fiber supplement should be given in 
divided doses over 24 hours as adjunctive therapy, if there is 
evidence of diarrhea. 

Soluble fiber shows a more consistent benefit for 
reducing diarrhea than commercial mixed fiber formulas. 
Fructooligosaccharides are indigestible carbohydrates 
fermented in the colon into short-chain fatty acids (SCFAs). 
Shortchain fatty acids (especially butyrate) provide nutrition 
for the colonocyte, increase colonic blood flow, and 
stimulate pancreatic secretions and have an impact on the 
gut microbiota and the gut barrier function. Prebiotics (e.g., 
FOS and inulin) stimulate the growth of Bifidobacteria and 
Lactobacillus, the "healthy" bacteria. Probiotics should be 
used only for select medical and surgical patient populations, 
e.g., liver transplantation, trauma, and pancreatectomy. 

It was suggested that a combination of antioxidant 
vitamins and trace minerals should be provided to those 
patients who require specialized nutrition therapy. 
Antioxidant vitamins (including vitamins E and C—ascorbic 
acid) and trace minerals (including selenium, zinc, and 
copper) may improve patient outcome, especially in burns, 
trauma, and critical illness-requiring mechanical ventilation. 

It was suggested that supplemental enteral glutamine 
should not be added to an EN regimen routinely in critically 
ill patients.!* While enteral glutamine exerts a trophic effect 
in maintaining gut integrity, its failure to generate a sufficient 
systemic antioxidant effect may partially explain the lack of 
outcome benefit. 


When to use Parenteral Nutrition? 


Guidelines suggest that in the patient at low nutrition risk 
(e.g., NRS 2002 <3 or NUTRIC score <5), PN be withheld 
over the first 7 days following ICU admission, if the patient 
cannot take orally and if early EN is not feasible. The risk/ 
benefit ratio for use of PN in the ICU setting is much narrower 
than that for use of EN. Available evidence recommends 
withholding PN for 10-14 days, but the guidelines committee 
was concerned that no nutrition beyond 7 days would lead 
to deterioration of nutrition status and an adverse effect on 
clinical outcome. 

It was suggested to initiate exclusive PN, when EN was 
not feasible, as soon as possible following ICU admission 
in the patient at high nutrition risk (e.g, NRS 2002 25 or 
NUTRIC score 25) or severely malnourished. Supplemental 
PN after 7-10 days was recommended, in patients at either 
low- or high-nutrition risk, if they are unable to meet >60% of 
energy and protein requirements by the enteral route alone. 
Initiating supplemental PN prior to this 7- to 10-day period in 
critically ill patients on some EN does not improve outcomes 
and may be detrimental to the patient. Published studies 
have not shown any outcome benefit of early PN and 
the optimal time to initiate supplemental PN in a patient 
receiving hypocaloric EN is not clear. In such situations, the 
addition of supplemental PN should be considered, on a 
case-by-case basis. 


Maximise Efficacy of Parenteral Nutrition 


It was suggested that the use of protocols and nutrition 
support teams reduce risk of PN. It was suggested that 
hypocaloric PN dosing (x20 kcal/kg/day or 80% of estimated 
energy needs) with adequate protein (21.2 g protein/kg/ 
day) should be considered initially over the first week of 
hospitalization in the ICU, in patients with high risk or 
severely malnourished. This strategy may optimize the 
efficacy of PN in the early phases of critical illness by reducing 
the potential for hyperglycemia and insulin resistance use of 
soybean oil (SO)-based intravenous fat emulsions (IVFEs) 
should be avoided during the first week following initiation 
of PN. If there is concern for essential fatty acid deficiency, 
a maximum of 100 g/week (often divided into two doses per 
week) may be given. 

Alternative IVFEs [safety and efficacy of a new parenteral 
lipid emulsion (SMOF)—soybean oil, medium-chain 
triglycerides (MCTs), olive oil (OO), and FO emulsion], MCT, 
OO, and FO should be considered for PN. 

A target blood glucose range of 140 or 150-180 mg/dL for 
the general ICU population was recommended.!^!? [t was 
recommended that parenteral glutamine supplementation 
should not be used routinely in the critical care setting.!° 

It was suggested that as tolerance to EN improves, 
the amount of PN energy should be reduced and finally 
discontinued when the patient is receiving >60% of target 
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energy requirements from EN. Because of the marked 
benefits of EN, repeated efforts should be made to transition 
the patient from PN to enteral therapy. To avoid the 


-complications associated with overfeeding, the amount of 


energy delivered by the parenteral route should be reduced 


-to compensate for the increase in the energy being delivered 


enterally. 


^; DISEASE-SPECIFIC RECOMMENDATIONS 


Pulmonary Failure 


It was suggested not to use high-fat/low-carbohydrate 
formulations designed to manipulate the respiratory quotient 
and reduce carbon dioxide production in ICU patients 
with acute respiratory failure. Fluid-restricted energy- 
dense EN formulations for patients with acute respiratory 
failure (especially, if in a state of volume overload) were 
recommended. Serum phosphate concentrations should 
be monitored closely and replaced appropriately when 
needed. Phosphate is essential for the synthesis of adenosine 
triphosphate and 2,3-diphosphoglycerate, both of which are 
critical for normal diaphragmatic contractility and optimal 
pulmonary function. Hypophosphatemia may represent an 
occult cause of respiratory muscle weakness and failure to 
wean from the ventilator. 


Renal Failure 


It was suggested that ICU patients with acute renal failure 
or acute kidney injury be placed on a standard enteral 
formulation and that standard ICU recommendations 
for protein (1.2-2 g/kg actual body weight per day) and 
energy (25-30 kcal/kg/day) provision should be followed. 
If significant electrolyte abnormalities develop, a specialty 
formulation designed for renal failure (with appropriate 
electrolyte profile) may be considered. 

Patients on hemodialysis or continuous renal replace- 
ment therapy should receive increased protein, up to a 
maximum of2.5 g/kg/day. Protein should not be restricted in 
patients with renal insufficiency as a means to avoid or delay 
initiating dialysis therapy. 


Hepatic Failure 


It was suggested that a dry weight or usual weight be used 
instead of actual weight in predictive equations to determine 
energy and protein in patients with cirrhosis and hepatic 
failure, due to complications of ascites, intravascular 
volume depletion, edema, portal hypertension, and hypo- 
albuniinemia. Protein restriction should be avoided, 
EN should be`used preferentially with standard enteral 
formulations be used in patients with acute and chronic liver 
disease. There is no evidence of further benefit of branched- 


chain amino acid formulations on coma grade in the ICU 
patient with encephalopathy who is already receiving first- 
line therapy with luminal-acting antibiotics and lactulose. 


Acute Pancreatitis 


Evaluate disease severity to direct nutrition therapy. Since 
disease severity may change quickly, it was suggested 
that frequent reassessment of feeding tolerance and need 
for specialized nutrition therapy should be done. In mild 
acute pancreatitis advance to an oral diet as tolerated. If 
an unexpected complication develops or there is failure to 
advance to oral diet within 7 days, then specialized nutrition 
therapy should be considered. 

It was suggested that patients with moderate-to-severe 
acute pancreatitis should have a naso-/oral-enteric tube 
placed and EN started at a trophic rate and advanced within 
24-48 hours of admission. It was suggested to use a standard 
polymeric formula to initiate EN in the patient with severe 
acute pancreatitis. Data is insufficient to recommend placing 
a patient with severe acute pancreatitis on an immune- 
enhancing formulation. 

It was suggested to use EN over PN by either the gastric 


_or jejunal route in patients with severe acute pancreatitis 


as there is no difference in tolerance or clinical outcomes 
between these. Consider use of probiotics. Use of PN should 
be considered after 1 week from the onset of the pancreatitis 
episode. 


Surgical Subsets 
Trauma 


Early enteral feeding with a high-protein polymeric diet 
should be initiated in the immediate post-trauma period 
(within 24-48 hof injury) once the patient is hemo- 
dynamically stable. Immunomodulating formulations 
containing arginine and FO should be considered in 
patients with severe trauma. 


Traumatic Brain Injury 


Early enteral feeding should be initiated in the immediate 
post-trauma period (within 24-48 hours of injury) once 
the patient is hemodynamically stable, either arginine- 
containing immunomodulating formulations or EPA/DHA 
supplement with standard enteral formula in patients with 
TBI should be considered. 


Open Abdomen 


Early EN (24-48 h postinjury) in the absence of a bowel 
injury. It is provided an additional 15-30 g of protein per liter 
of exudate lost. 
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Burns 


Provide EN early within 4-6 hours of injury. Parenteral 
nutrition should be reserved for those burn patients for 
whom EN is not feasible or not tolerated. Protein in the range 
of 1.5 to 2 g/kg/day should be provided. 


Sepsis 


Start EN therapy within 24-48 hours of making the diagnosis 
of severe sepsis/septic shock as soon as resuscitation is 
complete and the patient is hemodynamically stable. It was 
suggested to not use exclusive PN or supplemental PN in 
conjunction with EN early in the acute phase of severe sepsis 
or septic shock, regardless of patients’ degree of nutrition 
risk. Provide trophic feeding (defined as 10-20 kcal/h or up 
to 500 kcal/day) for the initial phase of sepsis, advancing as 
tolerated after 24-48 hours to >80% of target energy goal over 
the first week. Delivery of 1.2-2 g protein/kg/day is suggested. 
Immunomodulating formulas should not be used routinely 
in patients with severe sepsis.???! 


Postoperative Major Surgery 


Enteral nutrition should be provided when feasible in the 
postoperative period within 24 hours of surgery, as it results 
in better outcomes than PN. 

Routine use of an immunomodulating formula 
(containing both arginine and FO) may be considered. 
Enteral feeding should be considered even in difficult 
postoperative situations such as prolonged ileus, intestinal 
anastomosis, open abdomen and need of vasopressors for 
hemodynamic support. For the patient who has undergone 
major upper GI surgery and EN is not feasible, PN should 
be initiated (only if the duration of therapy is anticipated 
to be 27 days). Unless the patient is at high-nutrition risk, 
PN should not be started in the immediate postoperative 
period but should be delayed for 5-7 days. Patients should 
be allowed solid food as tolerated and that clear liquids are 
not required as the first meal. 


Chronically Ill Patient 


Itwas suggested that chronically critically ill patients (defined 
as those with persistent organ dysfunction requiring ICU 
LOS >21 days) be managed with aggressive high-protein EN 
therapy and when feasible, that a resistance exercise program 
be used. 


Obesity in Critical Illness 


Early EN should start within 24-48 hours of ICU admission 
for obese patients who cannot take orally. It was suggested 
that nutrition assessment of the obese ICU patient focus 
on biomarkers of metabolic syndrome, an evaluation of 


comorbidities and a determination of level of inflammation. 
It was also suggested that nutrition assessment of the obese 
ICU patient focus on evidence of central adiposity, metabolic 
syndrome, sarcopenia, body mass index (BMI) >40, 
systemic inflammatory response syndrome (SIRS) or other 
comorbidities that correlate with higher obesity-related risk 
for cardiovascular disease and mortality. 

High-protein hypocaloric feeding should be imple- 
mented in the care of obese ICU patients to preserve lean 
body mass, mobilize adipose stores and minimize the 
metabolic complications of overfeeding. It was suggested 
that, for all classes of obesity, the goal of the EN regimen 
should not exceed 65-70% of target energy requirements as 
measured by IC. If IC is unavailable, weight-based equation 
11-14 kcal/kg actual body weight per day for patients with 
BMI in the range of 30 to 50 and.22 to 25 kcal/kg ideal body 
weight per day for patients with BMI >50 may be used. 
Protein should be provided in a range from 2.0 g/kg ideal 
body weight per day for patients with BMI of 30-40 up to 
2.5 g/kg ideal body weight per day for patients with BMI >40. 

An enteral formula with low-caloric density and a 
reduced nonprotein calorie to nitrogen ratio be used in the 
adult obese ICU patient. While an exaggerated immune 
response in obese patients implicates potential benefit 
from immunomodulating formulas, lack of outcome data 
precluded any recommendation. Additional monitoring 
to assess worsening of hyperglycemia, hyperlipidemia, 
hypercapnia, fluid overload, and hepatic fat accumulation in 
the obese critically ill patient receiving EN should be done. 

It is suggested that the obese ICU patient with a history 
of bariatric surgery receive supplemental thiamine prior 
to initiating dextrose-containing intravenous fluids or 
nutrition therapy. In addition, evaluation for and treatment 
of micronutrient deficiencies, such as calcium, thiamin, 
vitamin B12, fat-soluble vitamins (A, D, E, and K) and folate, 
along with the trace minerals iron, selenium, zinc, and copper 
should be considered in these patients. 


Nutrition Therapy for 
End-of-life Situations 


It was suggested that artificial nutrition and hydration 
(ANH) was not obligatory in cases of futile care or end-of-life 
situations. The decision to provide ANH should be based on 
evidence, best practices, clinical experience, and judgment; 
effective communication with the patient, family, and/or 
authorized surrogate decision maker; and respect for patient 
autonomy and dignity. 


$ CONCLUSION 1 1 1. 
The 2016 ASPEN-SCCM guidelines include several new/ 
modified recommendations (Box 1): 


* Early assessment of patients admitted to the ICU for 
nutrition risk using nutrition-scoring systems 
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Box 1: Nutrition bundle statements! 
* Assess patients on admission to the intensive care unit (ICU) for 


nutrition risk, and calculate both energy and protein requirements 
to determine goals of nutrition therapy 

Initiate enteral nutrition (EN) within 24—48 h following the onset 
of critical illness and admission to the ICU, and increase to goals 
over the first week of ICU stay 

Take steps as needed to reduce risk of aspiration or improve 
‘tolerance to gastric feeding (use prokinetic agent, continuous 
infusion, chlorhexidine mouthwash, elevate the head of bed, and 
divert level of feeding in the gastrointestinal tract) 

Implement enteral feeding protocols with institution-specific 
strategies to promote delivery of EN 

Do not use gastric residual volumes as part of routine care to 
monitor ICU patients receiving EN 

Start parenteral nutrition early when EN is not feasible or 
sufficient in high-risk or poorly nourished patients 


Initiation of EN within 24/48 hours following the onset of 
critical illness and admission to the ICU 

Steps to reduce risk of aspiration and improve tolerance 
ofenteral feeding 

Elimination of the use of GRVs as part of routine care for 
ICU patients 

Initiation of PN early, if EN is not feasible 

There was grade A and grade B recommendation for 
immunomodulatory therapy in surgical and medical 
patients in 2009. The 2016 guidelines recommend that 
immunomodulatory therapy should not be used routinely 
in MICU and use should be reserved for patients with TBI 
and perioperative patients in SICU 

A major change is in the recommendation for anti- 
inflammatory lipids and antioxidants in ARDS and 
severe ALI. In 2009, it was grade A recommendation 
to use this therapy, but 2016 guidelines state that no 
recommendations can be made regarding their use 
There is a change in recommendation for antioxidants 
vitamins and trace minerals therapy. In 2009, it was 
grade B recommended for all critically ill patients, 
whereas in 2016, it is recommended in safe doses to 
patients requiring specialized nutrition therapy and may 
improve outcome in burns, traume and critical illness 
requiring mechanical ventilation 

The target blood sugar levels have been increased from 
80-110 mg/dL in 2009 guidelines to 140-180 mg/dL in 
2016 recommendations. 
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Fungal Sepsis in 
Acute Necrotizing Pancreatitis 


Ashit V Hegde 


INTRODUCTION —. 
Fungal infections are an important contributor to mortality 
and morbidity in critically ill patients. Candida is the 
fourth or fifth most common pathogen isolated from blood 
cultures in intensive care units (ICUs) across the world.!? 
Morphologically, acute pancreatitis is classified into: 
e Interstitial edematous pancreatitis 
e Necrotizing pancreatitis (characterized by absence of 
enhancement following contrast administration). 
The severity of pancreatitis is determined by the presence 
or absence of organ failure or local complications and by the 
duration of organ failure.’ 


4 PATHOGENESIS OF FUNGAL INFECTIONS" —. 


The first step in the development of invasive fungal infections 
(IFIs) usually is the colonization of a patient's skin or mucous 
membrane by Candida. A breach in the integumentary 
barriers associated with some degree of immune suppression 
may then cause these Candida to become pathogenic. 
Factors, which promote colonization (broad spectrum 
antibiotics and high glucose levels), which cause a breach 
of the natural barriers (central lines and mucositis) and 
which cause immunosuppression (steroids, sepsis, and 
immunosuppressive drugs) make patients more vulnerable 
to IFI. The single most important risk factor for IFI, however, 
is duration of stay in ICU. A recent study? seemed to suggest 
that IFIs are seen earlier in Indian ICUs as compared to 
western ICUs (8 days vs. 12 days). 


à SEVERE PANCREATITIS AND 

1 INVASIVE FUNGAL INFECTION 

Patients with acute necrotizing pancreatitis have many of 
these risk factors. It is, therefore, not surprising that they are 


prone to fungal sepsis. However, sepsis is not a cause of early 
mortality in patients with severe acute pancreatitis. Early 


mortality is usually due to a severe systemic inflammatory 
response syndrome. Both, under- and over-resuscitation 
(causing the abdominal compartment syndrome) may 
contribute to early mortality" Delayed mortality is most 
often due to infection. The most common source of sepsis in 
this group of patients is infected pancreatic necrosis. Infected 
necrosis occurs in approximately 40-70% of patients with 
necrotic pancreatitis.? Gram-negative organisms are the most 
common causes of infected pancreatic necrosis. The first 
reports of pancreatic fungal infections (PFI) were published in 
the 1980s? and are now being increasingly recognized. These 
patients are also at risk of developing bloodstream infections 
caused by Candida. It is thought that microorganisms 
reach the necrotic pancreas via the inflamed gut. Earlier 
studies seemed to suggest that prophylactic antibiotics 
(especially, carbapenems) might reduce the incidence of 
infected pancreatic necrosis. Subsequent studies have failed 
to confirm this role of prophylactic antibiotics!" and most 
guidelines no longer recommend prophylactic antibiotics 
in the management of severe pancreatitis. Unfortunately, in 
actual practice, however, many patients continue to receive 
prophylactic antibiotics. Early enteral feeding might also 
prevent gut atrophy and translocation of microorganisms. It 
is, therefore, recommended that patients with pancreatitis 
be fed enterally as early as possible.!! Again enteral feeding 
is delayed quite often in many patients and many such 
patients receive total parenteral nutrition (TPN) via a central 
line. Thus, inappropriate early management of severe acute 
pancreatitis is an important factor (but probably not the only 
factor) in the development of fungal sepsis. 


~ CLASSIFICATION OF 

PANCREATIC FUNGAL INFECTIONS’? 
Fungal infections of the pancreas are classified as primary 
or secondary. A Primary fungal infection indicates that the 


positive-fungal culture was obtained before any intervention 
was done. If the positive culture is obtained following 
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any intervention [endoscopic retrograde — cholangio- 
pancreatography (ERCP), surgery, and radiologic drainage], 
it is. classified as secondary fungal pancreatitis. 

Patients with primary Candida infection, quite often 
have coexisting Gram-positive infections while patients 
with secondary infection are more prone to Gram-negative 
infections. Secondary fungal pancreatic infection is 
associated with a poorer prognosis. 


MICROBIOLOGY 


There has been an increase in the isolation of non-albicans 
Candida both from blood cultures and from cultures of the 
necrotic pancreatic tissue. In the western ICUs, Candida 
krusei and Candida glabrata are frequently isolated.? In 
India, Candida tropicalis is the most frequently isolated non- 
Candida albicans organism. In many Indian ICUs, Candida 
Tropicalis is even more frequent than Candida albicans. 

Inastudy conducted in Indian intensive care,!*40% ofthe 
Candida isolated from the pancreas were Candida tropicalis. 
Candida krusei and Candida glabrata are relatively rare 
in most general medical and general surgical Indian ICU's. 
This might have implications for therapy because most of the 
non-albicans species isolated in India remain fluconazole 
sensitive. 


$ CLINICAL FEATURES 


There are no clinical features unique to fungal infection in 
patients with pancreatitis. 

Infected necrosis usually occurs after 14 days and 
manifests with fever, abdominal pain, and worsening of the 
patient's condition after initial stabilization. 

Pancreatic fungal infection should be thought of in 
patients with suspected infected necrosis especially, if they 
do not respond to broad spectrum antibiotics or if they have 
one or more ofthe risk factors for fungal pancreatitis (broad 
spectrum antibiotics, TPN, central lines, ERCP, uncontrolled 
sugars, Candida colonization). 
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DIAGNOSIS 


Infected necrosis, once suspected, is confirmed by the 
presence of gas in the retroperitoneum or by a computed 
tomography or ultrasonography-guided fine needle aspira- 
tion cytology of the necrotic tissue. To conclusively 
diagnose fungal pancreatitis, Candida must grow in the 
culture of the aspirate or must be seen on histopathology. 
Blood cultures may be sent but are negative >50% of the time. 

The role of nonculture-based tests (biomarkers and 
polymerase chain reaction) has not yet been established. 

Definite diagnosis may not always be possible or may be 
delayed. Physicians quite often have to, therefore, resort to 
empiric therapy in sick patients with one or more risk factors 
for fungal infections. 


. TREATMENT 


Traditionally, liposomal amphotericin has been recom- 
mended as the treatment of choice for fungal pancreatitis. 
Fluconazole has good penetration into the pancreatic 
"bed!" and might be a reasonable substitute especially in 
patients without prior azole exposure and in units where the 
incidence of azole-resistant Candida is low. Fluconazole 
needs to be dosed properly (800 mg on day 1 followed by 
at least 400 mg daily). There is very little knowledge of the 
penetration of the echinocandins into pancreatic tissue. 
There is hardly any data on the use of echinocandins 
for the treatment of PFI. Until we have more data, these 
drugs cannot be recommended for the treatment of PFI. 
Echinocandins may, however, be used to treat patients 
with candidemia without pancreatic infection (especially, 
those who are hemodynamically unstable or have had 
prior exposure to azoles). An attempt to de-escalate from 
liposomal amphotericin or echinocandins to fluconazole 
must be made once the patient is stable and culture results 
are back. 


8 SOURCE CONTROL .— 


The patients will also need debridement or drainage of the 
infected tissue. Any attempt at surgical debridement should 
be delayed by a few weeks, if possible, as per the current 
recommendations.!? Surgical planes are more clearly defined 
when surgery is delayed and the morbidity associated with 
surgery is clearly decreased. However, minimally invasive 
techniques to drain the necrotic tissue (under radiologic 
guidance) may be attempted earlier. 


H PROPHYLAXIS — 


Prophylactic administration of fluconazole to patients with 
pancreatitis who have received antibiotics has been shown 
to decrease the incidence of PFI in a few studies.!? However, 
given the risk of selecting for resistant fungi, it probably 
makes more sense to avoid antibiotics and antifungals, feed 
enterally early, and to avoid TPN. 


jj PROGNOSIS 


Some studies have shown increased mortality with PFI”? 
whereas other studies (usually performed in specialized 
tertiary care centers! have not shown any increase in 
mortality. Early institution of antifungal therapy seems to 
decrease mortality. But most studies suggest that PF] increase 
morbidity, utilization of ICU resources, and cost. 


CONCLUSION — — — 


Pancreatic fungal infections are being increasingly 
recognized and definitely contribute to morbidity if not 
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mortality. In India, most infections are caused by azole- 
sensitive Candida. Fine needle aspiration cytology of the 
necrotic tissue is the only way to confirm PFI. 


Most patients with risk factors may need empiric therapy. 


Fluconazole may be used for all but the most sick patients in 
whom liposomal amphotericin may be preferred. 


Appropriate early management (avoid antibiotics, feed 


enterally early, and avoid TPN) is probably better than drug 
prophylaxis at preventing PFI. 
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CHAPTER 


Acute Colonic Pseudo-obstruction 


Pradip K Bhattacharya, Lata Bhattacharya, Navya Guwalani, Nimita Deora 


——————AAA————————————————— PH 


Acute colonic pseudo-obstruction (ACPO) is also known 
as Ogilvie syndrome. Sir William Heneage Ogilvie in the 
year 1948 described two cases of colonic dilatation without 
mechanical obstruction. Both patients had retroperitoneal 
tumors invading the splanchnic plexus leading to destruction 
of splanchnic nerves, semilunar ganglia, and the celiac 
plexus, hence the parasympathetic innervations in the colon 
working was unopposed.! The term "pseudo-obstruction" 
was proposed by Dudley^? and the term "acute colonic 
pseudo-obstruction" appeared in the literature in the year 
1982 when Nanni et al.* used it for acute nonmechanical 
obstruction of large gut. 

The acronym ACPO was used by Rex in his article in 
the year 1997.5 Presently, the term “acute colonic pseudo- 
obstruction" is more prevalent in the literature to describe 
this phenomenon. 

Acute colonic pseudo-obstruction is characterized 
by massive colonic dilatation with symptoms and signs 
of colonic obstruction without mechanical blockade.’ It 
generally occurs in critically ill patients with sepsis, recent 
surgeries, electrolyte abnormalities, and trauma. The actual 
mechanism of this disorder is unknown, but it is believed 
that some abnormality affecting the autonomic nervous 
system (ANS) might be involved. It is more common in male 
particularly who are older than 60 years. 


G EPIDEMIOLOGY — —./ —.— 
A review of 400 cases of Ogilvie syndrome by Vanek et al.? in 
the year 1986 revealed that males presented more frequently 
than females, with an average age of 59.9 years for males 
and 56.5 years for females.® Of all the cases, 94.5% had an 
association with medical or surgical condition like obstetric, 
gynecologic, or pelvic operation (19%); post-trauma 
orthopedics procedure (18%); infection (10%); cardiac 
event (10%), and neurologic event (9%).° Other factors that 


Box 1: Associations underlying acute colonic pseudo- 
obstruction ; : 
e Medications: Narcotics, anticholinergics, laxative abuse, benzo- 
diazepines, calcium channel blockers, interleukin, amphetamine 
overdose, cytotoxic drugs, antiparkinsonian agents 
e Medical 
© Neurologic: Dementia, Parkinson’s disease, spinal cord disease 
© Metabolic: Hypokalemia, hyponatremia, hypocalcemia, 
hypercalcemia, diabetes, hypothyroidism 


© Cardiopulmonary: Mechanical ventilation, myocardial infarction, 
pneumonia, congestive heart failure, chronic obstructive 
pulmonary disease 

© Oncologic: Small cell lung cancer, multiple myeloma, acute 

myeloid leukemia, disseminated cancer, pelvic irradiation, 

retroperitoneal invasion of lumbar sympathetic nervous 

system 

Infectious: Sepsis, Cytomegalovirus 


o 


o Miscellaneous: Organ failure, alcoholism 

Surgical 

© Obstetric: Normal pregnancy, normal delivery, cesarean 
section, hysterectomy 


© Urologic: Ethanol ablation of renal cancer 

© Inflammation: Appendicitis, cholecystitis, pancreatitis, abscess 

© Organ transplantation; Liver, kidney, heart, lung 

© Trauma and orthopedic: Pelvic trauma, pelvic, hip fracture, 
pelvic, hip surgery, spine surgery, burns 

© Others: Gastrointestinal bleeding, retroperitoneal hematoma, 

mesenteric thrombosis, craniotomy, aortic aneurysms 


contributed to the development of ACPO are electrolyte 
disturbances and narcotic use?’ (Box 1). 


i ETIOLOGY AND PATHOPHYSIOLOGY. 


The pathogenesis of ACPO remains unknown but the most 
accepted theory is the imbalance in autonomic output t0 
the colon produced by variety of factors leading to excessive 
parasympathetic suppression or sympathetic stimulation." 
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The initial theory was an imbalance in activity of ANS with 
parasympathetic overactivity leading to dilatation of colon.! 
However, current evidence favors a relatively increased 
sympathetic tone and/or decreased parasympathetic tone 
leading to a functionally obstructing distal colon and a 
relaxed proximal colon.? Enteric nerves contain a variety of 
neurotransmitters responsible for smooth muscle contraction 
and relaxation. Acetylcholine, neurokinin A, and substance P 
are major stimulatory neurotransmitters; whereas vasoactive 
intestinal polypeptide and nitric oxide are the inhibitory 
neurotransmitters. 

Another theory suggests the interstitial cells of Cajal 
(ICC), present along the gastrointestinal (GI) tract in close 
association with smooth muscle cells, are elements of 
enteric nervous system. It is believed as the source of the 
spontaneous slow waves of gut musculature (pacemaker 
cells) !! In one study performed by Jain et al., ICC were found 
to be absent in patients with chronic intestinal pseudo- 
obstruction.? Cytokines have also been found to alter the 
intestinal motility in an inflammatory state. The proven 
effectiveness of neostigmine in colonic pseudo-obstruction 
supports the validity of the theory suggested by Ogilvie of 
imbalance activity ofANS. With the progressin understanding 
of intestinal motility, ACPO has become an open avenue for 
novel therapeutic targets. 


B CLINICAL CHARACTERISTICS 


Acute colonic pseudo-obstruction can have variable clinical 
presentation. The most common symptoms are abdominal 
distension, pain, nausea, vomiting, lack of gas passage, and 
constipation. About 40% of the patient with ACPO reports 
continued passage of flatus despite clinical evidence of 
obstruction.’ On clinical examination of the abdomen, 
tympanitic and bowel sounds are typically present. The 
presence of marked abdominal tenderness, fever and 
leukocytosis can be present as additional clinical findings. 
However, these findings are neither specific nor very sensitive 
towards definitive diagnosis. These patients also have 
respiratory compromise due to diaphragmatic compression. 
The above features are typical of large bowel obstruction 
which is commonly seen in patients with ACPO. A high index 
of suspicion with preexisting risk factors is necessary to make 
the clinical diagnosis. Many times, if left unrecognized or 
unaddressed, it can lead to perforation if the colonic diameter 
exceeds the threshold diameter of 9 cm. It becomes a 
serious concern when the diameter exceeds 12 cm. About 
1-396 of the patients of ACPO develop perforation.®!° Several 
studies indicate that perforation is rare with cecal diameter 
less than 12 cm. However, when the diameter exceeds 14 cm, 
perforation occurs in up to 23% of the patients.9!6 Perforation 
is associated with a mortality rate of 50- 7096.95 

Anincrease in intramural pressure leads to ischemia with 
longitudinal splitting of the serosa and tenia which leads to 
herniation of the mucosa. The cecum is more susceptible 


to distension induced ischemia and perforation as it is the 
thinnest wall area of colon.919!? Once pressure inside the 
cecum exceeds that of superior mesenteric artery, pain 
and ischemia can occur. Signs of systemic toxicity do not 
appear until the catastrophic complications have occurred. 
Neuroischemia develops before perforation. Both ischemia 
and perforation give rise to high mortality in these patients. 
In a study by Vanek et al., the mortality increased from 26 to 
44% in cases with perforated and ischemic bowel.? Advanced 
age and delayed intervention are additional risk factors for 
increased mortality.’ Duration of distension also has a direct 
correlation with perforation. If the distension persists for 
more than 6 days, it carries a high risk for perforation. 

Exclusion of common causes of large bowel ileus, such 
as hypokalemia, hypocalcemia, hypomagnesemia, etc., 
early in the evaluation is important for clinical diagnosis and 
intervention. It is sometimes difficult to distinguish between 
perforation or ischemia and those with uncomplicated 
distension. Early use of diagnostic studies is helpful to avoid 
such kind of confusion. 


§ DIAGNOSIS 


High degree of suspicion and exclusion of other causes of 
mechanical obstruction of colon should be the first step 
towards the diagnosis of ACPO. The clinical presentation 
of ACPO and other causes of mechanical obstruction are 
nearly same. Hence, imaging methód for diagnosis and 
differentiation is required. Plain radiograph can be a very 
good diagnostic tool for perforation. Serial films can be 
used to monitor the measurement of colonic dilatation. 
However, the distinction between mechanical and functional 
obstruction cannot be made with plain radiography alone. 
A contrast enema with computed tomography (CT) scan 
can be used as a useful diagnostic motility. It has got 
sensitivity and specificity of 80% and 100%, respectively, in 
the diagnosis of large bowel obstruction. A water soluble 
contrast is preferred because a small risk of extravasations 
of barium and more importantly, the potential therapeutic 
effect of water soluble contrast leading to decompression of 
the colon.” Excess contrast use should be avoided. It can be 
applied without bowel preparation. 

Contrast retention may be difficult in elderly, frail, 
and critically ill patients. Exacerbation of dehydration and 
electrolyte imbalance can be a problem with hypotonic 
contrast solution." In a retrospective analysis done by Jacob 
et al., reveals an increasing trend towards the use of CT scan 
for the diagnosis of large bowel obstruction as compared 
to contrast enema.” It is observed that CT scan has largely 
replaced the contrast enema for the diagnosis of large bowel 
obstruction.” It is less problematic and requires intravenous 
contrast and a supine position of the patient. Moreover, 
images can be acquired quickly in a single breath-holding 
time. The sensitivity and specificity of CT scan is 96% and 93%, 
respectively, for the diagnosis of large bowel obstruction.‘ 
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Proximal colonic dilatation with an intermediate transitional 

‘zone at or adjacent to the splenic flexure is-the common CT 
scan finding in ACPO patients. A CT scan can also diagnose 
complications including bowel ischemia, perforation, and 
condition of pericolic strictures.”! 

Distal mechanical colonic obstruction can be investi- 
gated with rectal examination, careful colonoscopy, CT 
scan (with intravenous, oral, or rectal contrast)?! or water 
soluble contrast enema. Colonoscopy can be diagnostic and 
therapeutic, but is often contraindicated when ischemia 
and perforation is suspected and can be challenging 
when performed in unprepared bowel and insufflation is 
required.” 


BMANAGEMENT —— 5. — 


Conservative Management 


Early recognition is important in the management of 
ACPO. Close clinical monitoring in the form of physical 
examination (abdominal girth), abdominal radiographs, and 
laboratory studies every 12-24 hours, continuous bowel rest, 
nasogastric tube decompression, and rectal tube placement 
are a part of initial conservative management. Aggressive 
fluid and electrolyte resuscitation and antibiotics in case 
of suspected infection should be started. Investigation for 
contributing etiology, like hypothyroidism, diabetes mellitus, 
and other metabolic disorders, should be taken care of. 
Narcotics along with other offending medication should 
be stopped. Osmotic laxatives should be avoided in view of 
their increased tendency towards gas formation.” If possible, 
prone position with hip elevated on pillow or the knee-chest 
position with hips held high often helps in evacuation of 
flatus. These positions should be alternated with right and 
left lateral decubitus position regularly or every hourly 
when feasible. In general, conservative therapy should be 
employed for 48-72 hours unless the patient demonstrates 
clinical deterioration. Wegener et al. reviewed 1,027 case 
reports of ACPO and found that 70% of the patient responded 
to supportive management alone with a complication rate of 
6% and mortality approximately 10%. The usual duration of 
response to these measures is 3-5 days? In another study 
by Delgado-Aros et al., successful resolution is achieved in 
83-96% patients within 2-6 days of conservative therapy." 
It is important to note that if at any point during treatment, 
the patient condition deteriorates, investigation for ischemia 
and perforation should be undertaken immediately. 
Patients, who fail to improve after all conservative therapies 
mentioned above, should be considered for pharmacological 
therapy (Fig. 1). 


Pharmacological Management (Table 1) 


In one review published in 1982, it was advised against the 


192 use of pharmacological agents citing increased perforation 


Colonic pseudo-obstruction 
Signs of perforation, ischemia? 
(Free air/gas under diaphragm) 
Yes 


Consult for surgery 


No 


~ 24-48 h trial of: 
* Keep patient fasting/NG tube/rectal tube 
* Stop/limit medications 


* Correct electrolytes 
* Mobilize 
| No response 
Safe to try neostigmine? 


Yes 
4 
Consult gastroenterologist for 
endoscopic decompression 


FIG. 1: Management of acute colonic pseudo-obstruction 


No response 


No response 


Pharmacologic management of acute colonic 


ZABLE m pseudo operon 


rst line therapy |  Neostigmine 20r 125r mg IV bolus over 3-5 min | 
Repeat dose up to 3 times if no response in 3 h 


| Salvage therapy Neostigmine 0.4-0.8 mg/h infusion for 24 h 
: or j 
Pyridostigmine 10-30 mg orally two times a day 


! Adjunct to 


| 29.5 gof polyethylene glycol in 500 mL of water ! 
| prevent relapse | orally in two doses eed 
| Opioid related | Naloxone - 0.4-2.0 mg 
! ACPO Intravenous injection every other day to every day | | 


| Historical drugs į Erythromycin, metoclopramide, cisapride_ xe 


ACPO, acute colonic pseudo-obstruction; IV, intravenous. 


risk with inducing colonic contraction.’ There are number 
of case reports which were published in due course 
with erythromycin,? metoclopramide,” and cisapride? 
mentioning a beneficial effect as prokinetics in ACPO, 
but none of them revealed a consistent response in acute 
setting. A 40% success rate was reported with erythromycin 
by Emmanuel et al. with a recurrence of 50% in treatment of 
chronic pseudo-obstruction.?? The use of epidural anesthesia 
as a block of excess sympathetic tone demonstrated a 
moderate response. 

The best evidence of medical treatment is available for 
neostigmine. Based upon the presumed pathophysiology 
of ACPO, Huchingnson and Griffith used neostigmine 
and guanethidine for ACPO.*! Neostigmine is an 
anticholinesterase that inhibits acetylcholinesterase to allow 
increase in synaptic levels of acetylcholine. 

Multiple prospective studies have validated the use of 
neostigmine in ACPO.^3 Patients had improvement in 
symptoms with only occasional mild side effects such as 
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sweating and transient bradycardia. Recurrence rate range 
from 0 to 33%. 

The optimal dose of neostigmine and administration 
technique remains debatable. A dose of 2-2.5 mg bolus over 
3-5 minutes intravenously was found to be successful in 
90% of the patients after the first dose.2 The onset of action 
of intravenous neostigmine is 20-30 minutes. It can be used 
9-3 times in 24 hours, if satisfactory response is not seen 
after first dosing.” If the second or third dose of neostigmine 
fails to resolve the problem, the patient should proceed for 
more aggressive measures of decompression. White et al. 
described a protocol in a patient refractory to three doses of 
bolus neostigmine. They mixed 5 mg of neostigmine in 50 mL 
normal saline solution and infused at a rate of 0.4 mg/h.” An 
overall positive response was observed in 19 out of 24 patients 
at a continuous infusion rate of 0.4-0.8 mg/h of neostigmine 
in a randomized study performed by van Der Spoel et al.°9 

Side effects with neostigmine were common in all the 
trials and is one of the reasons for exclusion of patients from 
those trials. Low heart rates, low systolic blood pressures, and 
signs of perforation including peritoneal signs of free air were 
among the commonest reasons for exclusion. All patients 
receiving neostigmine should be monitored and atropine 
should be available at the bedside to counter neostigmine 
induced bradycardia. Contraindications to neostigmine 
include known hypersensitivity and mechanical urinary or 
intestinal obstruction. Relative contraindications include 


--B-blocker therapy, bradycardia, asthma, acidosis, myocardial 


infarction, or peptic ulcer disease.” 

Oral neostigmine is not recommended in ACPO because 
ofits erratic absorption in the GI tract. Relapse after successful 
treatment with neostigmine has been observed in 17-38% in 
different studies 4! 

Polyethylene glycol (PEG) has been shown to prevent 
recurrence. A randomized placebo control study conducted 
by Sgouros et al. suggested that there is no recurrence of 
distention versus 33% in placebo group when balance 
solution of PEG given orally after successful decompression 
with neostigmine or colonoscopy.“ 

A prospective randomized study conducted by O'Dea 
et al. observed a positive response with 10-30 mg of 
pyridostigmine two times daily orally in patients who failed 
previous treatment with neostigmine and endoscopic 
decompression and also less severe side effects compared 
with neostigmine.“ 

Methylnaltrexone, a new opioid receptor antagonist, 
has been found to have a potential role in narcotic induced 
ACPO." It was tried after a failed treatment with neostigmine. 
Another new receptor antagonist, alvimopan, has been 
found to have a potential role in postgastrointestinal surgery 
induced ACPO.* Further studies are needed to establish the 
efficacy and safety of new receptor antagonist mentioned 
above as they may prove beneficial in treatment and 
prophylaxis of opioid induced ACPO. 


Diatrizoate meglumine enema in relieving colonic 
distention was assessed in 18 patients in whom 78% of 
patients were found to be successfully decompressed.?? The 
mechanism is thought to be due to hyperosmolality of the 
enema increasing intracolonic fluid. 

In patients not responding to maximal supportive and 
pharmacological therapy and without signs of ischemia 
and perforation, endoscopic decompression should be 
considered (Fig. 1). 


Endoscopic Decompression 


In the year 1997, Kukora and Dent first time described the 
colonic decompression of ACPO. Out of 6 patients, 5 were 
successfullytreatedwiththismethodwithoutanyrecurrence.'? 
Colonoscopy was the second line treatment in patients not 
responding to conservative measures prior to introduction 
of neostigmine. Colonoscopy for ACPO is performed without 
oral laxatives or bowel preparation. Sedation in the form of 
benzodiazepines is recommended. Narcotics are avoided in 
view of their property to inhibit colonic activity. Recurrences 
after colonoscopic decompression remain problematic, 
it has been reported in up to 40% of patients.” In patients 
with recurrence, a repeated colonic decompression was 
achieved in 56-8796 but with higher rates of subsequent cecal 
distention. Use of tube decompression improves the overall 
success of decompression if placed in an area affected by 
ACPO.555! The tube is placed over a guide wire advanced 
through a colonoscope. After loading the guide wire in 
appropriate place, the colonoscope is withdrawn with regular 
suction, following which a decompression tube is passed into 
the colon over the guide wire under fluoroscopy guidance. 
Thedecompression tube should be placed to gravity drainage 
and flushed every 4-6 hours to prevent clogging. In a series 
of 50 patients who underwent endoscopic decompression 
and tube placement, success rate was observed in 88% of 
patients. About 80% success rate was observed in patients 
receiving tube decompression after endoscopy as compared 
to 25% success in those where tube decompression was not 
used.'? In another study conducted by Harig et al., 4 out of 
9 patients had recurrence in the only colonoscopic group, 
whereas none had recurrence out of 11 in colonoscopy plus 
tube decompression group.” 

Placement of a percutaneous endoscopic tube is 
another advanced endoscopy technique known as per- 
cutaneous endoscopy colostomy of the cecum. It can be 
performed either through a combined endoscopic and 
radiology approach or in a manner analogous to placement 
of percutaneous endoscopy gastrostomy tube.°?*4 It is 
considered to be safe and effective procedure in the hands 
of an experienced endoscopist. Various techniques have 
been described for doing this procedure, but there are no 
studies to establish superiority of one method over another. 
The choice of technique depends on the preference of the 
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endoscopist. This approach may prove useful for patients 
who are not responding to maximál medical and endoscopic 
management and are poor surgical candidates. 


Surgical Intervention 


Surgical options include cecostomy or colostomy. Acute 
colonic pseudo-obstruction is one of the few indications 
for cecostomy. Cecostomy is performed by limited 
laparotomy with a small incision overlying the cecum. 
Laparoscopic cecostomy has the potential additional benefit 
of visualization of entire colon to diagnose unsuspected 
ischemia or infarction, but it is challenging in patients with 
massively dilated colon with huge abdominal distention.” 
Laparotomy is indicated for ischemia, perforation, or if the 
diagnosis is not clear. The diagnosis of colonic ischemia is 
clinical as suggested by changes in perceived pain, physical 


‘examination finding, and laboratory and imaging data. 


Lactic acidosis, fever, abdominal pain, and leukocytosis 
raise the suspicion of mucosal ischemia. The CT scan often 
shows nonspecific colonic wall thickening and pericolic fat 
stranding.” Pneumatosis and/or gas in the mesenteric veins 
are ominous signs associated with bowel wall. thickening 
and are mainly due to bowel infarction.” Sometimes, right 
hemicolectomy, and at others, total abdominal colectomy is 
also required depending upon the area affected. Mortality 
rate ranges from 35 to 60% with operative interventions. The 
high mortality associated with laparotomy due to ischemia 
and perioration warns for the need of early diagnosis, 
initiation of conservative management, and early surgical 
consultation. 


l| CONCLUSION 


Acute colonic pseudo-obstruction or Ogilvie syndrome is a 
clinical syndrome characterized by marked colonic distention 
without evidence of mechanical obstruction; it complicates 
the hospital stay of acutely ill medical and surgical 
patients. It carries a poor prognosis if early identification 
and management is not instituted. Exact pathophysiology 
remains debatable. There is no effective prevention for this 
problem. High clinical suspicion and appropriate use of 
imaging techniques differentiates ACPO from other causes 
of mechanical obstruction of colon. Initial conservative 
therapy successfully resolves ACPO in majority of patients. 
Neostigmine remains the drug of choice in patients with 
failed response to conservative management. Advances in 
endoscopic management also reduce the need of surgical 
intervention. Newer therapies include oral pyridostigmine 
and new opioid receptor antagonist as a potential agent 
for nonresponders. Advanced colonoscopic technique 
with tube decompression provides alterhative options for 
decompression. Percutaneous cecostomy may be a safe 
option in experienced hands. In the presence of peritoneal 
signs or perforation, surgery is the appropriate intervention. 
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CHAPTER 


Acid Suppression in Critically Ill: 
Is It Really Necessary? 


Samir Sahu 


li INTRODUCTION - 
Gastric mucosa is sensitive to changes in hemodynamics 
such as hypotension resulting in reduced perfusion and 
cytokine-mediated inflammation. This results in stress- 
related mucosal disease (SRMD), which endoscopically 
may range from superficial erosions to multiple ulcers 
and can lead to clinically important bleeding episodes 
requiring blood transfusion.! Prophylaxis of such lesions is 
nowadays available both as proton pump inhibitors (PPI) 
and histamine-2 receptor antagonists (H2RA). Both of these 
agents are well tolerated and are able to decrease incidence 
of bleeding episode.” In spite of these pharmacological 
agents, stress ulcer prophylaxis (SUP) measures and 
decrease in bleeding episode has not been translated into 
mortality benefit in prospective studies. Thus, recently, some 
intensivists have expressed concerns about the safety of SUP, 
especially with respect to infectious complications. 


fi EPIDEMIOLOGY 


Stress-related mucosal disease is present in most critically ill 
patients, but only a few patients experience overt bleeding 
complications. Only around 1% of them develop SMRD- 
related gastrointestinal (GI) bleeding.?? 


B PATHOPHYSIOLOGY 


Both systemic hypotension due to absolute or relative 
hypovolemia, cardiogenic or obstructive shock, use of 
vasopressors and local splanchnic hypoperfusion due to 
positive end expiratory pressure in patients on mechanical 
ventilation, may lead to decrease in gastric mucosal blood 
flow. Hypoperfusion leads to a reduced production of several 
protective mechanisms that exist in a healthy stomach. 
These mechanisms can cause mucosal damage, but need 
the presence of gastric acid to cause major ulcerations and 
gastric bleeding. Without acid, mucosal damage is only 


minimal. This is the rationale for the use of acid-suppressive 
drugs such as PPI or H2RA for pharmacological prophylaxis.* 

Recent studies report a very low incidence of stress 
ulcer-related bleeding due to effective pharmacological and 
nonpharmacological prophylactic measures, therefore risk of 
mortality appears to be low.? 

Main risk factors for bleeding are mechanical ventilation 
for more than 48 hours, coagulopathy [international 
normalized ratio (INR) > 1.5 or platelet count (PLT) <50/pL or 
prothrombin time (PTT) >2 x Upper Limit of Normal (ULN)] 
(Gr A evidence), cardiogenic shock, burn patients, those with 
craniocerebral injury, acute renal failure (Gr B evidence) 
and history of an upper gastrointestinal bleeding within 
the past 12 months, severe sepsis or septic shock, known 
peptic ulcer disease, post-kidney or liver transplantation and 
those patients taking nonsteroidal anti-inflammatory drugs 
(NSAIDs) or high-dose glucocorticoids (Gr C evidence). 
Based upon current evidence, these patients should receive 
pharmacological ulcer prophylaxis. 

Almost universal use of stress ulcer prophylaxis in 
intensive care unit (ICU) is due to the above mentioned risk 
factors, which are present in many of the critically ill patients. 
Many observational studies have reported use of SUP in more 
than 80% of critically ill patients. 

Due to the fact that acid-suppressive medications can 
effectively lower the SRMD-related bleeding, which are 
clinically important as shown in many meta-analyses, though 
based on low-quality studies, national and international 
guidelines have endorsed this practice in patients with risk 
factors for bleeding? There are several trials and meta- 
analyses comparing PPI to H2RA. Most of them favor PPI 
with respect to reduction of bleeding rates. PPI are the agents 
of choice in SUP? 


8 ADVERSE EFFECTS 


We ingest pathogens during routine feed and gastric acid acts 
as a natural barrier against these pathogens. Suppression of 
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this acid barrier by pharmacological means takes away this 
defense mechanism. This leads to overgrowth of bacteria 
in upper GI tract. This phenomenon is more evident with 
agents with stronger and longer acid-suppressing effect 
like PPI. Moreover, acid-suppressing agents can also alter 
jeukocyte function. This results in both intestinal infections 
such as Clostridium difficile-associated diarrhea (CDAD) 
and also to extraintestinal infections like pneumonia (via 
retrograde microaspiration).* Of these infections, C. difficile 
is the most problematic one. C. difficile spores or vegetative 
form are transferred through lack of contact precautions and 
fecal oral route. The vegetative form is normally inhibited by 
gastric acid and spores are resistant to it. Suppression of this 
acid milieu (gastric pH >5) leads to increased survival of the 
vegetative forms, which are the main culprit in CDAD as the 
stool of infected individuals contains tenfold more vegetative 
forms than spores. Due to the same reason, frequent CDAD 
relapses and recurrent diseases are more common in patients 
on PPI therapy.?* 

The role of acid suppression asa risk factor for pneumonia 
is unclear but remains likely. Larger randomized prospective 
trials are warranted to resolve this issue.? 

Patients with liver cirrhosis are prone to adverse effects 
of SUP. Use of PPI was an independent risk factor for 
overall mortality. This might be due to an increased risk 
of spontaneous bacterial peritonitis and higher rates of 
pneumonia and CDAD.° 

Due to polypharmacy, there are important drug-drug 
interactions with PPI, one of the most important clinically, 
is between the antiplatelet agent clopidogrel and various 
PPI. A study reported increased cardiovascular events in 
patients taking both clopidogrel and PPI.” Moreover, use 
of PPI has been associated with liver toxicity manifesting 
as transaminitis, bone marrow suppression manifesting as 
thrombocytopenia and hypomagnesemia.* 

Enteral nutrition seems to be protective against stress 
ulcer-related bleeding and addition of a pharmacological 
SUP may not result in additional substantial benefit. This 
needs to be further explored in randomized prospective 
trials as enteral nutrition could be a viable alternative to 
pharmacological SUP.9? It was observed that in enterally fed 
patients, who have additional SUP therapy, the incidence 
of pneumonia was increased compared to patients on 
Parenteral nutrition. In this subgroup, an increase in 
mortality was also observed.!° 


; CONCLUSION 


The triad of stress-related increased gastric acid formation, 
reduced perfusion of GI mucosa due to sepsis or shock and 
reduction of protective mucosal barrier make the critically ill 
patients more vulnerable to GI bleed due to SRMD or ulcer. 
This leads to almost universal application of pharmacological 
prophylaxis in the majority of ICU patients at present, with 
PPI or H2RA effectively preventing GI bleeding. Though this 
common practice has not resulted in decreases mortality 
and its universal use is questioned as this practice may be 
associated with some risk. Nosocomial pneumonia and C. 
difficile are among the two most serious association of this 
practice. Thus risk benefit needs to be balanced carefully 
before.selecting SUP. Other less risky strategies like early 
enteral feeding or restricting SUP to very high-risk patients 
during early ICU stay, needs to be evaluated in prospective 
randomized trials. 
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Sepsis 3: What's New? 


Manoj K Singh, Mehul K Solanki 


; INTRODUCTION" 


The Greeks first described sepsis in 700 BC as an infection 
leading to organ decomposition and death. Sepsis, an 
inflammatory response to infection, is a leading cause of 
admission to hospital. Worldwide, every minute a patient 
presents to an emergency department with severe sepsis or 
septic shock; the mortality for this condition ranges from 25 
to 50%. While mortality in hospital is probably decreasing 
in the developed countries, long-term mortality after sepsis 
has remained high-as many-patients die in the subsequent 
months. Sepsis and septic shock kill one in four (and often 
more) and is increasing in incidence. Similar to other acute 
events like polytrauma, acute myocardial infarction, or 
stroke, the rapidity with which the therapy is administered in 
the initial hours of sepsis is likely to influence outcome. 


= DEFINITION" — 


In a 1992 consensus conference, the American College of 
Chest Physicians and the Society of Critical Care Medicine 
in a joint statement defined sepsis as a continuum syndrome 
and introduced the term systemic inflammatory response 
syndrome (SIRS), which does not require the presence 
of infection. Sepsis was defined as suspected or proven 
infection plus a SIRS (e.g., fever, tachycardia, tachypnea, and 
leukocytosis). Severe sepsis was defined as sepsis with organ 
dysfunction (hypotension, hypoxemia, oliguria, metabolic 
acidosis, thrombocytopenia, or obtundation). Septic shock 
was defined as severe sepsis with hypotension, despite 
adequate fluid resuscitation. Septic shock and multiorgan 
dysfunction are the most common causes of death in patients 
with sepsis. 

The 2001 International Sepsis Definition Conference 
attempted to improve on the specificity of these definitions by 
elaborating common clinical and laboratory manifestations 
of the disorder. One of the goals of creating these definitions 


was to help physicians recognize patients at risk for severe 

sepsis and initiate therapy promptly. In order to reflect the 

many prognostic factors in sepsis and provide a hypothesis- 
generating model for future research, the PIRO (Predisposing 
factors, nature of Insult, intensity of Response, number of 

Organ dysfunction) grading system was also proposed. 

The septic response is an extremely complex cascade 
of events, including proinflammatory, anti-inflammatory, 
humoral, cellular, and circulatory involvement. There are 
inherent challenges in defining sepsis and septic shock. 
First and foremost, sepsis is a broad term-applied-to-an 
incompletely understood process. There are, as yet, no simple 
and unambiguous clinical criteria or biological, imaging or 
laboratory features that uniquely identify a septic patient. As 
such the definitions of sepsis have been largely unchanged 
for more than two decades. 

There was an urgent need of revised definition of sepsis 
due to the following reasons: 

e Emphasizing in the definition that sepsis is a severe 
entity with a much poor prognosis than uncomplicated 
infection, that is to say the term sepsis itself should 
denote severity 

* Recognizing that at present there is not a validated 
standard diagnostic test, leading to major variations in 
reported incidence and mortality rates of sepsis 

* Identify simple, inexpensive, bedside criteria for 
identifying all elements of sepsis like presence of an 
infection, type of host response, and organ dysfunction 

* Provide a more consistent epidemiological definition of 
sepsis. 

The European Society of Intensive Care Medicine and 
The Society of Critical Care Medicine convened a task force 
of 19 critical care, infectious disease, and surgical and 
pulmonary specialists in January 2014 and published the 
“Third International Consensus Definitions for Sepsis and 
Septic Shock" (Sepsis-3). The recommendation of the task 
force was circulated to the major international societies for 
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endorsement. The task force recommended that the new 
definition be designated as Sepsis-3. Sepsis-1 and Sepsis-2 
were the terminology given to 1991 and 2001 statements, 
respectively, to emphasize the need for future iterations. 


~- CHALLENGES 


The absence of a gold standard diagnostic test for sepsis 
resulting in a limited definition of constellation of clinical 
signs and symptoms in a patient with suspected infection is 
one of the biggest challenge in sepsis research. The concept 
of SIRS may be present in the absence of infection in many 
critically ill patient. The use of two or more SIRS criteria to 
"identify sepsis has been decided arbitrarily in the previous 
definition and was found to be unhelpful. One in eight 
critically ill patients with infection will not have a minimum 
of two SIRS criteria. Sequential Organ Failure Assessment 
(SOFA) score! (Table 1) is the current standard to assess 
severity of organ dysfunction and indicates poor prognosis 
with increasing score. Simply put, the higher the SOFA score, 
the increased probability of mortality. One of the limitations 
of this test is requirement of multiple laboratory test thus 
routine application may be difficult universally. 


(RECOMMENDATIONS — &—— 


The present task force recommends sepsis to be defined as 
life-threatening organ dysfunction caused by a dysregulated 
host response to infection. Ar increase in SOFA score by 
two points from baseline (or zero, if baseline not known) is 
identified as new organ dysfunction as this reflects a chord 
with poor prognosis and an overall mortality of >10% in this 
population. 


TABLE 1 


avn Organ Failure Assessment score* 


SOFAScore 0 


Respiratory 
(PaO;/FiO; mmHg) 


Coagulation 
{platelets x 109/L) 


Liver 
(bilirubin (umol/L) 


<150 


20-32 


CVS (hypotension) MAP >7 >70 mmHg without | MAP <70 <70 mmHg 
vasopressor or inotrope | Er 


€ e ————— a e I MM M——À— Ó———— 


33-101 


Dopamine <5 or | Dopamine »50 or r nor/ | Dopamine »150t ; 
dobutamine e (any dose) |a adrenaline < | <01 


SCREENING PATIENTS 
LIKELY TO HAVE SEPSIS 


Three simple bedside criteria were validated to identify 
patients with suspected infection who are at increased 
risk of deterioration. These are altered mental status, 
systolic blood pressure <100 mmHg and/or respiratory rate 
222/min (presence of any two) this is called quick SOFA or 
qSOFA. Though this is less robust in identifying this patient 
population in {CU than SOFA, but can be used in the 
emergency department and wards repeatedly. 

The term septic shock refers to patient with sepsis and 
persisting hypotension requiring vasopressors to maintain 
mean arterial pressure 265 mmHg and having a serum lactate 
level more ihan 2 mmol/L (18 mg/dL) despite adequate 
volume resuscitation. In this cohort, the hospital mortality is 
more than 4096. 


: CONTROVERSIES/LIMITATIONS | 


The current recommendations of the task force can be 
seen as pragmatic compromises and general abilities 
of this poorly understood complex process. In all sepsis 
definitions, the diagnosis of sepsis depends on whether 
the patient has "suspected infection” Unfortunately, there 
is little discussion about exactly how to determine whether 
infection is "suspected" Indeed, for most patients presenting 
with an unclear problem, infection is the differential 
diagnosis. Quick SOFA and SOFA are mortality predictors 
and not tests for identifying infection or sepsis. Although 
qSOFA is validated in retrospective studies to identify early 
sepsis it still needs to be validated prospectively and in 
various clinical setting with variable infrastructure. Absence 


«100 with ; 
respiratory support. ; 


«50 i «20 


i Fa 


<200 with 
| respiratory support 


102-204 


| 


 or/adrenaline »0. 1 


| CNS (Glasgow Coma E 13-14 110-12 | 6-9 «6 
Score) l ! CENTIES EN eee 
Renal (creatinine «0.11 i 0.11-0.17 10. 171-0.299 f 0.30-0.44 or UOP | »0. 44 or UOP 
mmol/L or UOP) ee ee ee) EIER. ERR | | <500 mL/day — — | <200 mL /day 


SOFA, sequential organ failure assessment; CVS, cardiovascular system; MAP, mean arterial pressure; CNS, central nervous system; UOP, urinary output. 
*Based on six different scores, one each for the respiratory, cardiovascular, hepatic, coagulation, renal, and neurological systems. 
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of two or more SOFA or qSOFA criteria should not deter 
investigation for identifying underlying sepsis, if clinically 
indicated. Sepsis-induced organ dysfunction may be 
occult; therefore, its presence should be considered in any 
patient presenting with infection. Conversely, unrecognized 
infection may be the cause of new onset organ dysfunction, 
any unexplained organ dysfunction should thus raise the 
possibility of underlying infection. Sepsis-3 recognizes 
the universal possibility of infection in undifferentiated 
patients. Defining “suspected infection” so broadly renders 
this criterion nearly meaningless. Quick SOFA has similar 
performance compared to SIRS for mortality prediction. In 
order to simplify, lactate measurement was not incorporated 
in the definition, but it should be utilized as a guide to 
monitor therapeutic response. Further work need to be done 
to develop similar definitions for pediatric populations. 
Validation of these recommendations should be carried 
out in low- and middle-income countries for justifying its 
universal application. 

Recently, a trio of trials ProCESS (Protocol-based Care 
for Early Septic Shock), ARISE (Australasian Resuscitation in 
Sepsis Evaluation) and ProMISe (Protocolized Management 
in Sepsis), while reporting an all-time low-sepsis mortality, 
question the continued need for all of the elements of early 
goal-directed therapy or the need for protocolized care 
for patients with severe and septic shock.!*° An in-depth 
analysis of these trials taking into consideration the current 
definition need to be implemented. 


B CONCLUSION 


The current recommendation emphasizes new concept of 
the nonhomeostatic host response to infection as the basic 
pathophysiology of sepsis. The SIRS criteria were recognized 
to be nonspecific and overtly sensitive are considered overly 
nonspecific and of poor clinical utility. While recognition 
and treatment of the infectious trigger remain important, 
Managing associated organ dysfunction should be paid due 
attention. 

Clinical utility of sepsis-3 definition remains largely 
unknown at present and SIRS criteria may still guide 
clinicians toward identifying an ongoing infectious process, 
but "severe sepsis” is no longer a part of the new classification. 
Hypotension and increased lactate level are the cornerstone 
for identifying patients with septic shock. This definition 
is regarded as a transitional statement by the task force 
with future iteration as the evidence evolves. The current 
recommendation of qSOFA is aimed at aiding practitioners 
in prehospital, emergency departments, and hospital wards 
to promptly recognize and treat septic patients, i.e., those 
infected patients with poor prognosis. This will encourage 


practitioners to investigate for further organ dysfunction 
and triaging to proper facility to prevent further organ 
dysfunction. 
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Neurological Manifestations of 
Scrub Typhus: A Great Mimic 


Rahul A Pandit 


¢ INTRODUCTION 


The scrub typhus or tsutsugamushi disease is a life- 
threatening zoonotic disease. It is a mite-borne infectious 
disease caused by Orientia tsutsugamushi (previously 
called Rickettsig tsutsugamushi). The name derives from 
the type of vegetation (ie. terrain between woods and 
clearings) that harbors the vector. The organism is an 
obligate intracellular gram-negative organism with five 
major serotypes. This disease was first described in Japan 
in 1899, and the term “tsutsugamushi” is derived from two 
japanese words, /sutsuga meaning something small and 
dangerous and mushi meaning creature. The disease is 
transmitted by the bite of larval chiggers of the thrombiculid 
mite, which is both a reservoir and vector for the disease. 
The larvae usually feed on rats and humans are infected 
accidently. In India, many states are endemic to scrub 
typhus; namely, Tamil Nadu, Himachal Pradesh, Jammu, 
Puducherry, Andhra Pradesh, Kerala, Meghalaya, and 
others.'? Farmers accounted for approximately two-thirds 
of all reported cases. Incidence rates are highest in people 
aged 40-60 years of age, but young children had higher rates 
of infection than young adults. Approximately, 8096 of cases 
occurred during summer and monsoon. 


A CLINICAL MANIFESTATIONS — 


Scrub typhus can present with diverse clinical presentations. 

Usually, the incubation period is around 6-20 days. In the 

first few days after the bite, fever and chills could be the 

first presenting symptom. Usually, by the first week patients 
develop two characteristic symptoms rash and eschar. 

l. Rash: Approximately, one-half of all patients develop 
a characteristically nonpruritic, macular, or maculo- 
papular rash. The rash typically begins on the abdomen 
and spreads to extremities. Face could be involved and 
petechiae may develop 

2. Eschar: A painless papule often appears at the site of 
the infecting bite. Subsequently, central necrosis occurs 


which leads to the formation of characteristic eschar with 

black crust. 

Serious complications usually are seen in the second 
week of illness. Pneumonitis, shock, thrombocytopenia, 
hepatomegaly, pleural effusion, ascites, acute kidney 
injury (AKI), and acute respiratory distress syndrome‘ 
are reported. However, it is the neurological complications, 
which mimic other diseases and affect the neurological 
system predominantly, is difficult to differentiate and often 
diagnosis of scrub typhus may be missed in these patients. 


Neurological Manifestation 


Scrub typhus invades and multiplies in the vascular 
endothelium and results in widespread vasculitis involving 
capillaries, arterioles, and small arteries. Autopsy findings in 
patients with scrub typhus have revealed focal hemorrhages, 
coagulative necrosis, and granulomatous inflammation 
in the brain parenchyma.” More than 45 case studies and 
reports in the last 30 years have reported various neurological 
manifestations of scrub typhus across Asia and South East 
Asian peninsula. A variety of symptoms and signs have been 
reported in the studies (Box 1). 


Box 1: Neurological manifestations of scrub typhus ` 
Symptoms ¢ Immune-mediated 
e Direct central nervous o Optic neuritis 
system involvement o Acute disseminated 
o Altered sensorium encephalomyelitis 
o Meningitis o Guillain-Barre syndrome 
o Meningoencephalitis o Mononeuritis multiplex 
o Encephalitis o Brachial plexopathy 
o Encephalopathy o Isolated cranial nerve palsy 
o Seizures 
© Rarely stroke 
o Intracranial hemorrhage 
| © Quadriplegia 


\ o Coma 
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Scrub typhus involves both the central and peripheral 
nervous system. Hence, diagnosis is often a challenge. 
‘he central nervous system (CNS) involvement is seen 
more with epidemic typhus than with scrub typhus. The 
incidence of neurological manifestation is reported up 
to 8396 of diagnosed cases of scrub typhus. The common 
complications include altered sensorium, agitation, 
motor weakness, encephalitis, meningoencephalitis, and 
seizures.°® Some case reports have reported intracerebral 
hemorrhage and infarction.’ Cranial nerve deficits are seen 
in up to 25% of patients who demonstrate neurological 
involvement. The common cranial nerve involved is optic, 
abducens, facial, and cochlear. Kang et al.!° reported up 
to 19% ear symptoms, with sensory neural hearing loss, 
otalgia, and tinnitus had been the predominant symptoms. 
The peripheral nervous system involvement was seen in 
the form of mononeuritis multiplex, brachial plexopathy, 
polyneuropathy, and myelitis. 


Systemic Manifestations 


Often the presenting symptoms may not be neurological. 
This may lead to the disease mimicking many other common 
tropical diseases. The common systemic manifestations are 
listed in box 2. 

The systemic manifestations are seen in varied pro- 
portions. Fever has been invariably reported in almost all 


: the patients. Almost one-third patients present with shock, 


hepatomegaly.!! Thrombocytopeniais reported again in most 
of the patients, however, severe thrombocytopenia was seen 
only in 30% patients. Incidence of AKI and lymphadenopathy 
isbeen reported ranging from 30 to 65%. Eschar is not present 
in all the patients. Absence of eschar may be associated with 
increased mortality. Misra et al. found an association with 
severe hypoalbuminemia («3 g/dL) and increased mortality 
in his group of patients. 


Differential Diagnosis 


In India, scrub typhus often presents similar to malaria, 
leptospirosis, dengue, and enteric fever. Many of this tropical 
illness have similar signs and symptoms. All of them are 
known to have neurological manifestations as well. In 
addition to these if a patient presents with predominant 
neurological involvement then it could be often confused 


Signs and symptoms of systemic manifestations 
* Fever * Myalgia 


Rash e Thrombocytopenia 


Eschar e Hypoalbuminemia 
Vomiting 
Lymphadenopathy 
Hepatosplenomegaly 


Renal dysfunction 
Liver dysfunction 
Leucocytosis 


with viral or bacterial meningitis. Particularly in Indian 
subcontinent, tuberculous meningitis could present with 
CNS vasculitis picture and it is often important to think scrub 
typhus as a differential diagnosis. 

Often an acute high-grade fever presentation is seen in 
patients with scrub typhus. As with most rickettsial infections 
rash is present. However, fever and rash is also seen in dengue, 
as well as leptospirosis patients. Most viral encephalitis would 
present with high-grade fever, altered level of consciousness 
and possible rash. Though, it may be difficult to clinically 
differentiate between dengue and leptospirosis, both have 
a high specificity and sensitivity antibody test, which is 
easily available and gives a rapid result. To differentiate 
from meningoencephalitis is a clinical dilemma. Presence 
of thrombocytopenia («100,000/mm?), multisystem involve- 
mentespecially acute lung injury and AKI are usually pointers 
towards scrub typhus.!* Relative bradycardia is often seen in 
patients with Orientia tsutsugamushi infection. It is defined 
as an increase of <10 beats/min/increase in temperature by 
1 C. Relative bradycardia is also seen up to 73% of enteric 
fever cases and also reported in Legionnaires disease and 
infections caused hy Chlamydia. 


Z INVESTIGATIONS — 


Blood Test 


All patients who present with a suspicion of serub typhus 
in endemic areas should have a complete blood count, 
renal function test, and liver function test done. In addition, 
malaria, dengue, and leptospirosis should be ruled out as 
well. A rapid antigen test for dengue along with an antibody 
testing is readily available. Similarly, for leptospirosis, 
antibody testing is sensitive. For malaria, thin and thick 
smear examination of blood along with a rapid antigen test 
gives a good sensitivity and specificity. 

Traditionally, Weil-Felix test has been widely used to 
diagnose scrub typhus, however, the Weil-Felix test suffers 
from poor sensitivity and specificity with studies showing an 
overall sensitivity as low as 33% and specificity of 46%. It has 
been now widely replaced by indirect fluorescent antibody 
test. A single measurement may be used if the titers are 
greater than 1:50. However, a conclusive diagnosis is made if 
there is a fourfold increase in titer in paired samples collected 
at least 14 days apart.!4 


Imaging 


Magnetic resonance imaging (MRI) has widely replaced 
computerized tomography (CT) as an investigation of 
choice in patients presenting with neurological involvement. 
Unfortunately, the MRI findings in scrub typhus are not 
specific and often MRI may be normal. There are reports of 
meningeal enhancement seen on MRI and some cases have 
also shown white matter lesions with diffusion restriction 
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pattern." Misra et al. in a large study demonstrated that 
only one patient had an abnormal MRI. Other complications 
like hemorrhage, infarction or acute disseminated 
encephalomyelitis could be picked up on MRI but are not 
pathognomic of scrub typhus. 

Apart from MRI, an X-ray of chest is often requested 
to assess the lung status and depending on the systemic 
involvement CT scan of chest or abdomen could be done. 
myocarditis and shock are often seen in these patients. A 
transthoracic two-dimensional echocardiogram is often 
informative in diagnosing the problem and also helps in 
guiding therapy, fluids, and vasoactive medications. 


Cerebrospinal Fluid 


Cerebrospinal fluid (CSF) has been extensively studied in 
patients with scrub typhus. The limitation to CSF examination 
could be severe thrombocytopenia and coagulopathy due 
to disease. Cerebrospinal fluid is examined for cell count, 
proteins, glucose, adenosine deaminase (ADA) level, and 
nested polymerase chain reaction (PCR) study for herpes 
simplex, Japanese encephalitis and for Rickettesia PCR 
(ifavailable). ! 

The CSF often demonstrates lymphocytic pleocytosis 
(40-120/mm?) along with high-proteins (>60 mg/dL) and 
moderately reduced glucose. The findings are often confused 
with tuberculosis meningitis (TBM); CSF ADA has shown to 
‘have a good specificity and sensitivity to diagnose TBM from 
other diseases: An absolute CSF ADA level >10 would be 
indicative of TBM rather than scrub typhus.'5 


Electroencephalogram 


Electroencephalogram (EEG) is often used to rule out seizure 
activity and nonconvulsive states, EEG helps in establishing 
a diagnosis of convulsions and early treatment. Misra et al.!! 
demonstrated a generalized slowing in theta to delta range, 
but no focal slowing, asymmetry, or epileptiform activity in 
his group of patients. Status epileptius has also been reported 
in a small subset of scrub typhus patients but it has been 
shown to have a good outcome with treatment. 


B COURSE 


Scrub typhus lasts for 14-21 days without treatment. 
Interstitial pneumonia, pulmonary edema, congestive 
heart failure, circulatory collapse, and a wide array of signs 
and symptoms of CNS dysfunction may complicate severe 
infections. Death may occur asaresult ofthese complications, 
usually late in the second week ofthe illness. 


Doxycycline remains the main drug for treatment of scrub 


206 typhus. Administered in a dose of 100 mg twice daily for 


7 days has shown to be effective in treating most of the 
patients. In patients who have a severe form of disease 
(multiorgan involvement), addition of azithromycine in dose 
of 500 mg once daily for 3-7 days had been advocated. In 
some patients with neurological involvement, doxycycline 
may-not be sufficient as it is a bacteriostatic drug and does 
not cross blood-brain barrier. In such patients, addition of 
rifampicin may be beneficial. In pregnancy, azithromycin is 
preferred to avoid the tetracycline group. Chemoprophylaxis 
can be taken if visiting endemic areas with doxycycline 200 
mg once a week until staying in endemic area. 


Ecl 


& CONCLUSION 
Scrub typhus neurological involvement is a less of 
complication compared to respiratory or gastrointestinal 
problems. It is associated with altered sensorium or cranial 
nerve deficits and generally resolves completely with 
doxycycline therapy. Due to the presence of lymphocytic 
pleocytosis with increased CSF protein, TBM is a close 
differential diagnosis. This may result in rifampicin based 
anti-TB therapy, masking the diagnosis of scrub typhus and 
sometimes results in patients continuing long-term therapy 
for TBM. 
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Rationale for Procalcitonin in 
the Intensive Care Unit 


Ravi Varma Durai, Ramesh Venkatraman 


INTRODUCTION — 


Early correct diagnosis of sepsis is crucial in improving 
patient outcomes. On one hand, initiation of appropriate 
antibiotic therapy improves survival in septic shock while 
unwarranted initiation of antibiotic therapy can lead to 
increased cost and increasing antibiotic resistance. As much 
as the above two principles are clear and widely accepted, 
in reality, often the presentation of illnesses are nonspecific 
and there exists a significant overlap between bacterial sepsis 
and other inflammatory states that closely mimic it (e.g.; viral 
syndromes, autoimmune syndromes, allograft rejection, 
pancreatitis, etc.). The new sepsis definition recognizes this 
fallacy and hence, has gone away from using the systemic 
inflammatory response syndrome (SIRS) as a screen for 
sepsis. It is in these situations, clinicians are faced with 
the dilemma of whether to initiate antibiotics or not and 
hence, usually err on the side of early initiation. The other 
important decision in the early phase of management of 
sepsis is appropriate triage of patients, especially when organ 
dysfunction is absent or minimal at presentation. Finally, the 
duration of antibiotic therapy for most bacterial syndromes 
is arbitrary based on consensus guidelines rather than strong 
evidence base and deciding termination of antibiotic therapy 
in culture negative sepsis becomes challenging. 

Despite the successful implementation of diagnostic 
biomarkers in different fields of medicine (for example, 
D-dimers in pulmonary embolism, natriuretic peptides 
in acute heart failure, troponin in myocardial infarction), 
accurate and timely diagnosis of bacterial infections still 
remains a challenge. The main disadvantages of many 
current diagnostic methods are delays (e.g, culture 
methods), suboptimal sensitivity (e.g., blood cultures), and 
low specificity due to contamination (e.g., sputum cultures). 
Although new polymerase chain reaction techniques have 
been evaluated for early and rapid diagnosis of certain 
bacterial infections, they are not widely available and 
are expensive at present. Inflammatory markers, such as 


C-reactive protein (CRP) or leukocytosis, lack sensitivity and 
specificity for bacterial infections. An ideal biomarker for 
sepsis, therefore, should be able to help rule in or rule out 
sepsis, in patient triage and prognostication, deciding the 
need for antibiotic therapy, and assist in following the clinical 
resolution, and therefore, the duration of antibiotic therapy.” 
Although several such biomarkers have been evaluated, none 
meet all the above criteria. The biomarker that has been most 
extensively evaluated, marketed, and that is most widely 
available for clinical use is procalcitonin (PCT). Hence, this 
chapter reviews the physiology of procalcitonin, the existing 
evidence, and its rationale, if any, for its use in the intensive 
care unit (ICU). 


= WHAT IS PROCALCITONIN? 


Procalcitonin is a propeptide of calcitonin that is ubiquitously 
expressed as part of the host's inflammatory response to a 
variety of insults. Although calcitonin is a neurohormone 
classically produced in the C-cells of the thyroid gland and 
involved in calcium homeostasis, PCT is one of several 
calcitonin precursors involved in the immune response. 
Procalcitonin is raised in a variety of inflammatory states, 
includingcardiogenic shock, trauma, necrotizing pancreatitis, 
burns, surgery, and infection. Procalcitonin in inflammatory 
states is secreted by non-neuroendocrine parenchymal cells 
throughout the body (e.g., lung, liver, kidney, fat, muscle, 
stomach), especially from the lungs and intestine. The cause 
for this secretion may be due to changes in the promoter 
for the PCT gene, responding to intestinal translocation of 
lipopolysaccharide or other bacterial constituents, or by a 
secondary proinflammatory cytokine stimulus such as tumor 
necrosis factor? Hyperprocalcitonemia in marked systemic 
inflammation or in infection occurs within 2-4 hours, often 
reaches high values in 8-24 hours, and then persists as long 
as the inflammatory process continues (i.e., days to weeks).* 
With recovery, these levels normalize, predominantly being 
cleared by the parathyroid glands, with renal clearance being 
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FIG. 1: Synthesis of procalcitonin 


very minimal. Procalcitonin levels seem to correlate with the 
severity of bacterial infections and are unaffected by renal 
function or dialysis. Notably, viral infections may decrease 
the production of PCT due to the secretion of interferon-y 
(Fig. 1). 


ij CURRENT PROCALCITONIN ASSAYS 


Although it would be highly desirable, there is no assay 
(research or otherwise) that detects the 116 kDa PCT 
peptide exclusively. Depending on the type of assay, all tests 
detect various portions of several calcitonin precursors. 
The assay utilized in the vast majority of studies is the 
immunoluminometric PCT assay (i.e. LUMItest), which 
detects the PCT prohormone and the conjoined segment of 
calcitonin and calcitonin-carboxyl-peptide.° With this assay, 
values below 0.5 ng/mL are best referred to as indeterminate. 
Furthermore, because 0.5 ng/mL exceeds the average normal 
value by more than fivefold (normal value «0.1 ng/mL), many 
mild increases in PCT values are missed. 


Procalcitonin has different diagnostic properties wheri™ 


compared with CRP or lactate which are often recommended 
for diagnosing sepsis. C-reactive protein, for example, has a 
low specificity for sepsis and concentrations do not indicate 
theriskandseverity of sepsis well. It responds late and plasma 
levels may be altered by immunosuppression. Moreover, 
a decline of CRP towards the normal range may take from 
several days up to 1 week. 

Lactate is primarily more a marker of cellular and 
oxidative metabolism than perfusion. Significantly increased 
or high levels of lactate mainly occur in patients with severe or 
progressive stages of sepsis, e.g., if severe organ dysfunction 
or septic shock are already present. Furthermore, lactate 
does not differentiate septic from nonseptic shock. 

Due to the distinct profile of PCT as compared to these 
markers, PCT is commonly used in a number of ICUs as 
a biomarker of sepsis and its value incorporated into the 
diagnostic and therapeutic decisions. 


j PROCALCITONIN AS A DIAGNOSTIC 
| BIOMARKER OF BACTERIAL SEPSIS — 


There have been a number of studies looking at the diagnostic 
ability of PCT in critically ill patients and, more specifically, 
its ability to differentiate between SIRS and bacterial 
sepsis. These studies are gencrally small, methodologically 


208 heterogeneous, and use different PCT cutoff points to define 


normal$ For example, in one study of 545 patients with 
community acquired pneumonia (CAP) in the emergency 
department setting, a PCT above 0.1 ng/mL had a 90% 
sensitivity and 59% specificity to predict bacterial pneumonia 
with an area under the curve of 0.88.’ However, in another 
study, optimal cutoff of PCT was noted to be 0.2-0.25 ng/mL 
with a much lower sensitivity and specificity? There have 
been many meta-analyses performed within the last 5 years, 
that have attempted to clarify this situation. 

The latest from Hoeboer et al. included 58 of 1,567 eligible 
studies providing a total of 16,514 patients, of whom 3,420 
suffered from bacteremia. In the overall analysis, the area 
under the receiver operating characteristic (ROC) curve was 
0.79. The most widely used PCT cutoff value was 0.5 ng/mL 
with a corresponding sensitivity of 76% and specificity of 
69% 2 They concluded that, PCT had a fair diagnostic accuracy 
for bacteremia in adult patients suspected of infection or 
sepsis. In particular, low PCT levels could be used to rule out 
the presence of bacteremia, however, its negative predictive 
value in patients without bacteremia remains unclear. 

Procalcitoni has been evaluated to distinguish infected 
from noninfected patients in the postsurgical setting. While 
the PCT levels have been generally higher in infected than 
in noninfected patient, the optimal thresholds for this 
discrimination varied widely with suboptimal sensitivity 
and specificity. Moreover, PCT levels may not be elevated 
when infection is confined to one particular compartment 
(e.g., mediastinitis).!! Use of PCT to differentiate infected 
pancréatic necrosis from noninfected necrosis has been 
extensively evaluated with a wide variability in the optimal 
cutoffs and sensitivity and specificity, thereby making PCT a 
test with poor clinical value to guide management. 

Similarly, several small studies that have evaluated the 
value of PCT in the early diagnosis of ventilator-associated 
pneumonia have revealed discouraging results." 
Procalcitonin value in diagnosing infection in immuno- 
compromised host also seems very limited.” 

The negative results of the studies evaluating the utility of 
a single PCT levels in diagnosing bacterial infections could be 
due to several factors, few are mentioned below: 

* ‘The timing of PCT measurement could impact its value 
in diagnosing bacterial infections. False-negative results 
can occur if samples are taken too early in the course of 
infection 

è Procalcitonin can remain elevated several weeks after an 
infection and its diagnostic value in detection of a second 
new bacterial infection may be muted, especially in 
critically ill patients who often have recurrent infections 

e When infection is confined within a compartment, serum 
PCT levels may not be very reflective. 

Therefore, the diagnostic accuracy of a single PCT value as 
a biomarker to rule in or rule out an acute bacterial infection 
in the ICU remains inadequate. 

Then, would serial serum PCT levels be a better way to 
pick up an infection? The sequential measurement of PCT in 
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identifying healthcare-associated infection is undoubtedly 
attractive, and there is some evidence that PCT measured 
on the day infection is suspected and twice or thrice weekly 
might be clinically useful. Procalcitonin, used in this way, 
may reduce unnecessary antibiotic prescribing in patients 
who deteriorate for noninfectious reasons, but it will also add 
to healthcare costs. The practicality and the cost-effectiveness 
of such a strategy in a resource limited setting, such as ours, 
makes serial PCT measurements a nonviable method to 
diagnose and guide antibiotic therapy, and hence, cannot be 
recommended based on current evidence. 


i ROLE OF PROCALCITONIN 
| IN ANTIBIOTIC INITIATION 


Since PCT levels seem to be elevated in bacterial sepsis, the 
logical question has been whether admission PCT value 
could be used to determine the need for antibiotic therapy 
or not. In the emergency department setting, algorithms that 
incorporated initial PCT levels to decide antibiotic initiation 
have shown a reduction in antibiotic consumption in patients 
with CAP, but did not impact hospital survival. 

The largest randomized controlled trial (RCT) that has 
evaluated the usefulness of PCT in guiding antibiotic therapy 
in the ICU setting is the PRORATA (Use of Procalcitonin to 
Reduce Patients’ Exposure to Antibiotics in Intensive Care 
Units) trial. The PRORATA trial was a multicenter study which 


- compared PCT guided antibiotic therapy (307 patients) to 


usual care (314 patients) with suspected bacterial sepsis on 
admission to the ICU. Though the recommendations were 
not followed in 71% of patients in the PCT group, overall the 
PCT group had significantly more days without antibiotic 
exposure and received significantly fewer days of antibiotics. 
Antibiotics were prescribed in 21% patients despite an initial 
serum PCT below 0.5 ng/mL on admission. Importantly, 
there was no difference between the PCT guided and 
control groups in the initial antibiotic prescription rates." 
Another smaller study also found no difference in the 
antibiotic prescription rates between PCT guided and the 
control group in ICU patients with bacterial infections.'® In 
both the above studies, a significant proportion of patients 
received antibiotic therapy despite initial PCT level below 
0.5 ng/mL. This underlines the important fact that physicians 
are reluctant to base their decision to initiate antibiotic 
therapy based on a PCT level which in turn could be related 
to the physicians’ eagerness to start antibiotics early to 
improve survival and the lack of sensitivity of a single PCT 
value in diagnosing early infection. 

In another randomized controlled study, role of PCT 
kinetics in guiding antibiotic escalation was evaluated in 
1,200 ICU patients.? In the Procalcitonin and Survival Study 
(PASS) trial, patients were randomized to standard antibiotic 
guidance or PCT guided antibiotic escalation. Serum PCT 
was measured daily after the onset of infection and absolute 
PCT value above 1 ng/mL or below 10% reduction from the 


previous day were considered “alert PCT” values. Clinicians 
were suggested to obtain infection specific cultures or 
diagnostic imaging on days with “alert PCT” values and were 
encouraged to follow an antibiotic escalation algorithm. 
The study could not demonstrate any significant differences 
in the 28-day survival between the groups, but the PCT 
group consumed more antibiotics and had longer days on 
mechanical ventilation and ICU length of stay. 


; PROCALCITONIN AS A PROGNOSTIC 
~ MARKER IN BACTERIAL SEPSIS 


Few studies have looked into the role of PCT as a prognostic 
marker in severe sepsis. Giamarellos-Bourboulis et al. 
found that PCT levels on day 1 could predict the types of 
organ dysfunction in patients who eventually progressed 
to multiple organ dysfunction syndrome.” Another study 
by Min-Yi Huang et al. found that the prognosis of patients 
with severe sepsis and septic shock may be associated with 
dynamic changes of PCT at 48 and 96 hours after admission 
to the ICU. They concluded that serial changes in PCT could 
assist physicians in the risk stratification of critically ill 
patients with severe sepsis and septic shock.”! Although some 
promising studies encourage the use of PCT as a marker for 
sepsis outcome, more studies are needed in order to confirm 
this finding. 


"E UTILITY OF PROCALCITONIN KINETICS IN 


| STOPPING OR DE-ESCALATING ANTIBIOTICS 
The use of PCT as an antimicrobial stewardship tool is 
extremely attractive in the current climate of increasing 
antibiotic resistance. Procalcitonin variation after starting 
antibiotics may be closely associated with outcome than 
the initial crude PCT. Therefore, a decrease in serum PCT 
has been proposed as a guide to stop/deescalate antibiotics. 
Several small RCTs have demonstrated significant decreases 
in antibiotic use without any apparent increase in harm in 
various bacterial infections??? 

In the PRORATA study, 621 patients were randomized 
to either PCT guided antibiotic initiation and deescalation 
or standard antibiotic management. Although there were 
no differences in the antibiotic initiation rates between the 
two groups, patients in the PCT group had on an average of 
2.7 days less on antibiotics compared to the control group 
with no difference in the mortality between the two groups.!” 
One meta-analysis also revealed lower duration of antibiotic 
with PCT guided antibiotic therapy compared to standard 
care with no particular differences in relapse or persistent 
infections and mortality.?9 

Although PCT guidance in addition to clinical course 
may serve as a useful guide to stop/deescalate antibiotics, 
its cost-effectiveness in resource limited setups needs to be 
explored more. It may be worthwhile looking at PCT guided 
termination or deescalation of antibiotics in culture negative 
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sepsis which may contribute up to one-third of septic patients 
in the ICU. 


į CONCLUSION 


In the diagnosis and .prognosis of sepsis in critically 
ill patients, PCT is an improvement on CRP and other 
traditional markers; however based on current evidence, 
it lacks the necessary accuracy to distinguish sepsis from 
other inflammatory states or to serve as a guide for antibiotic 
initiation. At present, a single value of PCT cannot be used to 
confidently rule in or rule out an infection. There is stronger 
evidence for its use as a tool to reduce antibiotic therapy 
duration and it is perhaps in this role that its utility should 
be explored further. However, the cost-effectiveness of PCT 
as an antibiotic stewardship tool must be evaluated before 
recommending it for widespread use. 
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Aerosolized Antibiotic 


Anand M Nikalje, Samidh B Patel 


HINTRODUCTION 


Ventilator-associated pneumonia (VAP) remains one of the 
most common intensive care unit (ICU)-acquired infections 
and is associated with greater ICU length-of-stay, mortality, 
and healthcare costs.!? Cases of late-onset VAP (occurring 
5 days after initiation of mechanical ventilation) are more 
likely to be caused by multidrug-resistant (MDR) isolates 
such as the “ESKAPE” species (in particular Staphylococcus 
aureus, Klebsiella pneumoniae, Acinetobacter baumannii, 


. Pseudomonas - aeruginosa, and Enterobacter speceis), 


which adds to the increasing difficulty of treating VAP and 
correlates with high incidence of morbidity and mortality. 
Current antibiotic treatments for VAP are typically given 
through the intravenous route. However, despite widespread 
implementation of current antibiotic guidelines for the 
treatment of pneumonia, clinical cure rates rarely exceed 60%, 
and recurrence rates remain high.? Aerosolized antibiotics 
could represent an attractive adjunct or alternative to 
intravenous antibiotics with numerous potential advantages. 
Reaching the deep lung through the tracheobronchial 
tree should allow a better control of the main source of 
parenchymal infection, i.e., bronchial colonization. 

Aerosolized antibiotics were first introduced in the 1970s 
as a form of prophylaxis for VAP, now, more than 30 years 
later, there is a resurgence of interest in using this mode of 
delivery as a primary or adjunctive treatment for ventilator- 
associated tracheobronchitis (VAT) or VAP. There are new 
data emerging that suggest these agents may effectively treat 
these pathogens when used in targeted and time-limited 
protocols.* Aerosolized antibiotics provide high levels of drug 
in the lung and reduce the systemic toxicity associated with 
intravenous antibiotics. 


8 EFFECTIVENESS OF 

£ ANTIBIOTICS AT THE SITE OF INFECTION — 
Ideally, antibiotic should attain concentration four times 
the minimum inhibitory concentration (MIC) against the 


infecting pathogen at the site of infection. Fluoroquinolones 
like moxifloxacin penetrate well into lung tissue when 
administered intravenously? but many other antibiotics 
like B-lactam, aminoglycoside, glycopeptides (vancomycin), 
and polymyxins penetrate poorly in the lung tissue and are 
presentin lowconcentration in epithelial-lining fluid (EFL).5? 
Moreover, the drug pharmacokinetics like increase volume of 
distribution, increase clearance of drug due to glomerular 
hyperfiltration, etc. may further decrease effectiveness of 
intravenous antibiotic? In these circumstances, especially 
in mechanically ventilated patients with pneumonia, 
aerosolized antibiotic may reach high concentration at the 
site of infection, while minimizing systemic side effects,!9! 


f BENEFITS OF NEBULIZED ANTIBIOTICS — 


Earlier use of aerosolized antibiotic was limited due to lack 
of specific formulation for such use and technical limitation 
of delivering optimally the aerosolized drug particles to the 
lung parenchyma.!?!? Recent advances in the drug delivery 
systems and aerosol drug formulations have circumvented 
these earlier problems. 


High Drug Concentrations in the Lung 


Achieving a high concentration of effective drug much higher 
than MIC of infecting pathogen at the site of infection is the 
single most advantage of aerosolized antibiotic.'*! This 
property has been demonstrated for most Gram-negative 
organisms in animal studies.!6"” 

Both inhaled tobramycin and amikacin can achieve high- 
bronchial concentrations far in excess of the MICs for Gram- 
negative strains usually responsible for pneumonia.!*!° These 
concentrations may also exceed the MICs for MDR pathogen. 


Low Systemic Exposure 


Another advantage of aerosolized antibiotic with significant 
toxicity is the low-systemic exposure,” indeed, administering 
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antibiotics such as aminoglycosides by aerosolization 
generates significantly lower peak serum concentrations 
compared with intravenous administration.?"?? This leads to 
decrease organ toxicity like nephrotoxicity ofaminoglycosides 
and colistin.?! It has been shown that suboptimal dose of 
systemic antibiotic may lead to mutant selection, thereby 
increasing antibiotic resistance and aerosolized antibiotics 
tend to avoid this phenomenon.”4 


Reduced Need for Systemic Antibiotics 


Any maneuver that decreases the overall use of systemic 
antibiotics result in decrease antibiotic resistance pressure 
and is an essential ingredient of antibiotic stewardship 
program as was evident in a phase II study.?*?? 


Characteristics of an "Ideal"-inhaled Antibiotic 


e Suitable formulation for aerosolization 

e Delivers high-antibiotic concentrations to the site of 
infection via an efficient device 

e Limited-systemic penetration. 


Ideal Antibiotic Formulation 

for Aerosolization (Fig. 1) 

* Sterile, preservative-free and nonpyrogenic 
e pH(4.0-8.0) 

e  Osmolarity (150-1,200 mOsm/L)?15?! 


jj DELIVERY DEVICES? 


Commonly used nebulizers used with bronchodialator drugs 
are designed to deliver drugs to the airway, not the lung 
parenchyma. Deposition location is a function of particle size, 
usually expressed as mass median aerodynamic diameter 


Preservative 
free 


Non-pyrogenic Sterile 


pH adjusted 
(pH 4.0-8.0) 


Tonicity 
adjusted 


Osmolality 
adjusted 
(150-1,200) 


FIG.1: Ideal properties of an antibiotic solution for aerosolization 


(MMAD). Typical jet nebulizers have a particle size of about 
5 micron MMAD to optimize airway deposition. Whereas, an 
aerosolized particle size of 3 micron MMAD is required for 
deposition at lung parenchyma, which cannot be generated 
by available jet nebulizer. An additional factor of poor lung 
deposition of aerosolized particles in mechanically ventilated 
patient is the presence of humidity in the ventilator circuit, 
which can cause hydroscopic growth, increasing the particle 
size and a rainout effect in the endotracheal tube.?? 

The main two types of devices are the jet nebulizers 
and ultrasonic nebulizers. Various commercially available 
nebulizers are designed to deliver a MMAD between 1 and 
5 pand they vary in their ability to generate optimum particle 
size with as much as a tenfold difference in the amount of 
drug delivered. Factors that predominantly influence drug 
delivery are aerosol particle size, composition of inhaled gas, 
and presence of lung disease.” Eisenberg et al. compared 
three different nebulizers (1 ultrasonic and 2 jet nebulizers) 
and found therapeutic levels in more than 90% of the patients 
for all nebulizers.? Minimal systemic drug levels were found 
in all patients. Certain variables in the delivery system were 
noticed by Miller et al. They noted that humidifying the 
ajr decreases the amount of drug delivery as the droplets 
clumped together and more readily attached to the wall 
of the tubing.?? A higher antibiotic delivery to the lung was 
noted with breath-actuated nebulization than continuous 
nebulization.?? 

The need for improved delivery has led to the develop- 
ment of two devices. The Nektar Bayer Pulmonary Drug 
Delivery System (PDDS) is a single-use nebulizer inserted 
distal to the ventilator wye. A ceramic vibrating plate 
nebulizer delivers drug during inspiration (Box 1). The 
nebulizer is triggered by a separate airway pressure-sensing 
device. The reported particle size is 4.7 micron MMAD, and 
the humidity is turned off. The PARI Investigational eFlow 
Inline Nebulizer System (PARI) is a multiple-use, single- 
patient device that is placed on the inspiratory limb of the 
ventilator circuit. A stainless steel vibrating plate nebulizer 
is placed in a coaxial position to the ventilator air flow and 
is run continuously. Against conventional wisdom, the 
humidity is left on, but the initial particle size is about 2.8 
micron, growing to 3.2 micron with humidity, so particles 
are small enough to avoid the rainout effect. 


AEROSOLIZED ANTIBIOTICS IN 
& CRITICALLY ILL VENTILATED PATIENTS 


Aerosolized antibiotics have been used to prevent infection 
as well as in treatment protocols. 


Prophylaxis 


Prophylactic use of aerosolized antibiotic to prevent VAP is 
not well supported in the literature. A recent meta-analysis by 
Falagas et al. of 12 prophylactic trials of which only 8 were 


— 


jat 


Review order, identify patient and assess need 


for bronchodilator 
s Suction endotracheal and airway secretions 
e Place drug in nebulizer to fill volume of 4-6 mL 


e Place nebulizer in the inspiratory line 46 cm from the patient 
Y connector 


e Turn off flow-by or continuous flow during nebulizer operation 


Remove HME (heat-and-moisture exchanger) from circuit 


e Set gas flow to nebulizer at 6-8 L/min: 


o Use a ventilator, if it meets the nebulizer flow requirements 
and cycles on inspiration 


o Use continuous flow from external source 


Adjust ventilator volume or pressure limit to compensate for 
added flow 


Tap nebulizer periodically and until nebulizer begins to sputter 


e Remove nebulizer from circuit, rinse with sterile water and dry, 
and store in safe place 


e Reconnect humidifier or HME, return ventilator settings and 
alarms to previous values 


e Monitor patient for adverse response. 


Assess outcome and document findings 


either randomized-controlled trials (RCTs) or prospective 
comparative trials. Incidence of VAP and all-cause mortality 


---was the primary outcome ‘of interest. Colonization with 


P aeruginosa was the secondary outcome. Analysis of these 
trials showed decreased incidence of VAP and decreased 
incidence of pseudomonas colonization but no change in 
mortality. 

Current guidelines from both the Centers for Disease 
Control and Prevention (CDC) and American Thoracic 
Society (ATS) do not recommend this therapy in the absence 
of benefit in hard endpoints like mortality.** Aerosolized 
antibiotics have also been evaluated as prophylaxis for VAP 
in few more studies. A meta-analysis of five RCTs involving 
about 400 patients demonstrated a reduction in the risk of 
VAP for patients assigned to nebulized antibiotics compared 
with placebo, but no reduction in mortality was observed.?? 

Nebulized antibiotics for VAP prophylaxis were not 
recommended in the 2005 ATS/Tnfectious Diseases Society 
of America consensus document due to concerns about the 
promotion of antibiotic resistance and the design limitations 
of published RCTs.3638 


Cystic Fibrosis??5? 


As reviewed by the European Cystic Fibrosis (CF) Society 
Consensus Group,” the earliest studies of inhaled antibiotics 
in CF focused on inhaled aminoglycosides—specifically, 
tobramycin, gentamicin, and amikacin. Aminoglycosides 
were chosen because of their limited absorption across 
epithelia permitting high concentrations at the site of 
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infection and minimizing systemic toxicity. Based on the 
landmark studies conducted on tobramycin inhalation 
solution mentioned above, clinical guidelines for chronic 
stable CF lung disease continue to note a high level of 
evidence supporting the use of inhaled tobramycin in 
chronic P aeruginosa infection in both the United States and 
Europe.!! ^? 


Non-cystic Fibrosis Bronchiectasis 


Tobramycin solution for inhalation was examined in a 
placebo-controlled, double blind, randomized study of 74 
patients with bronchiectasis and grossly purulent sputum- 
containing P aeruginosa ^ Over the 4-week treatment period, 
there was a significant reduction in sputum P. aeruginosa 
density (one-thirds eradicated P aeruginosa), but no 
improvement in lung function was observed, and tobramycin- 
treated patients were more likely to report an increase in 
cough, wheezing and dyspnea. A subsequent crossover RCT 
of tobramycin solution for inhalation in 30 patients with non- 
CF bronchiectasis and P. aeruginosa treated over a longer 
period of 6 months demonstrated a redyction in the number 
of more severe exacerbations requiring hospitalization but 
no significant change in the overall number of exacerbations, 
pulmonary function or quality-of-life. These two small 
studies examining tobramycin formed the basis for the 2010 
British Thoracic Society non-CF bronchiectasis guidelines, 


which provided a level-C recommendation forthe use “of 


long-term nebulized antibiotics in non-CF bronchiectasis.*® 
However, the guidelines mention that patients could be 
considered for long-term nebulized antibiotics, if they are 
chronically colonized by P. aeruginosa, and they experienced 
three or more exacerbations per year that caused significant 
morbidity. 


Ventilator-associated Pneumonia (Table 1) 


Aerosolized antibiotics have been studied as alternative 
or adjunctive agents to intravenous antibiotics in patients 
with VAP caused by Gram-negative bacteria." The initial 
motivation for exploring inhaled antibiotics in these 
settings were the high rates of treatment failure reported 
when intravenous aminoglycosides were used alone or in 
combination with other intravenous antibiotics to treat drug- 
resistant Gram-negative bacteria in intubated patients and 
patients with tracheostomy.*? 

Based on the consensus guidelines created by a joint 
committee of the American Thoracic Society and Infectious 
Diseases Society of America in 2005, aerosolized antibiotics 
were not considered valuable in the treatment of VAP but 
“could be considered as adjunctive therapy in patients with 
MDR Gram-negatives who are not responding to systemic 
therapy"? Since this document was published, there have 
been two RCTs-investigating nebulized antibiotics as 
alternative or adjunctive agents to IV antibiotics in VAP, 
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TABLE 1 


Reference. — Design Number of ; Treatment 


Clinical trials of aerosolized antibiotics in patients with ventilator-associated pneumonia 


Outcomes (aerosol vs. control) 


: patients 


Retrospective, single- 
center, cohort 


rospective, randomized 40 
iluetal! ^ Prospective, obser- ; 165 
; ational, comparative — . 
not randomized -quinolones 
| Niederman ouble-blind, | 69 
i jet al. 26 andomized 
| Montgomery | ouble-blind, 4 
34 


i eta | : randomized, phase 1 


IV, intravenous; ; MRSA, methicillin- -resistant Tot Sao us aureus. 


and both have demonstrated favorable microbiologic 
responses but no impact on other clinical or radiographic 
outcomes.22/9 


Are Aerosolized Antibiotics Useful in Treating Ventilator- 
associated Tracheobronchitis and/or Ventilator- 
associated Pneumonia? 


Meta-analyses of five RCTS that compared topical adminis- 
tration (aerosolization or instillation) with or without 
concurrent usage of systemic antibiotics with control 
treatment." Patients receiving aerosolized antibiotics had 
less VAP (clinical diagnosis), odds ratio (OR) 2.39 [95% 
confidence interval (CT) 1.29-4.44]. Mortality, microbiological 
cure, and toxicity were similar in two arms. Pseudomonas and 
Acinetobacter species infections, which are one of the most 
resistant bacterias encountered in the ICU, were studied in 
a few recent trials." 5* These bacteria are usually MDR due 
to their property of producing both extended spectrum- 
beta-lactamases and metallolactamases and they are often 
sensitive only to polymyxin.®° Aerosolized colistin along with 
systemic antibiotic in lung infections by these two organisms 
had shown good clinical response in a study by Kwa et 
al! There have been two randomized placebo-controlled 
studies with important positive clinical outcomes.°°°* [n 
a double-blind, placebo-controlled study of aerosolized 
amikacin delivered via vibrating mesh technology, the PDDS 
was given as an adjunctive therapy in ventilated patients 
with Gram-negative pneumonia.” The aerosolized group 
needed much less systemic antibiotic than the placebo 
group. Initial data for the treatment of methicillin-resistant 
S. aureus (MRSA) via aerosolized vancomycin in ventilated 
patients was also provided in this study. Ventilator-associated 
tracheobronchitis and VAP secondary to MRSA had no 
improvement in the placebo arm. Three patients with MRSA 


djunct aerosolized colistin or 
| tobramycin v vs. intravenous antibiotics - 


| 30-day mortality: 0 vs. 18% 


| Aerosolized efendime and amikacin vs. 
j intravenous ceftazidime and amikacin 


| Aerosolized colistin Iv aiminadiycosides:- 
` vs. IV B-lactams plus aminoglycosides or 


| Aerosolized amikacin {q12 h, q24 h) or or 
l | placebo, each with V antibiotics 


| Escalating doses of aerosolized amikacin 
| | and fosfomycin 


| Success 70 vs. 5596; superinfection: — ; 
15 VS. 15%; day-28 mortality: 10v vs. s.596 | : 


: Clinical cure: 67 vs. 66%; 
; superinfection: 6 vs. 13%; mortality: 
16 VS. 23% 


| Target concentration: 50 vs. T 
j clinical cure: 94 vs. 75 vs. 88% 


| Amikacin: 98 fold higher than 
_ P.aeruginosa MIC90; fosfomycin: 68- 
| fold higher than MRSA MIC90 


and VAT received aerosolized vancomycin. Two of these did 
not have VAP at randomization and remained free of VAP at 
the end of treatment. The one patient who had MRSA and had 
VAP had clinical resolution at end of aerosolized vancomycin 
treatment as well as eradication of the MRSA. 


Post-lung Transplantation 


Inhaled antibiotics have been used off-label to prevent and 
treat bacterial and fungal infections after lung transplantation 
over the past few decades, but rigorous RCTs evaluating 
their use post-lung transplant have not been conducted. 
As a prophylactic measure to prevent allograft Gram- 
negative bacterial infections, inhaled aminoglycosides and 
colistin have been used as adjunctive agents to intravenous 
antibiotics in patients with CF post-transplant, especially in 
patients who have a history of pretransplant colonization 
with MDR Gram-negative organisms such as P. aeruginosa 
or Burkholderia cepacia.” Lung transplant recipients have 
higher rates of invasive Aspergillus infections compared with 
other solid organ transplant recipients due to more intense 
immunosuppression and altered mucociliary clearance 59! 
Nebulized amphotericin B has been investigated as anti- 
fungal prophylaxis in a few nonrandomized, comparative 
studies.™* In two separate studies, nebulized liposomal 
amphotericin B was compared with nonliposomal ampho- 
tericin B deoxycholate. In both studies, rates of invasive 
Aspergillus infections were low and comparable between 
the two treatment groups, but the liposomal form was better 


tolerated. 5263 


Mycobacterial Infections 


No RCTs have investigated inhaled antibiotics in patients 
with tuberculous (TB) or nontuberculous mycobacterial 


= Oa a a Ts 


m 


L 


ass 


moa D th E ee ee 


o cO RS 5-255583 


Yv 
x 


ts 
al 


CHAPTER 37: Aerosolized Antibiotic 


e ————————————————————————————————————————— 


(NTM) lung disease to date, but this remains a very active 
area of research. Inhaled antitubercular antibiotics 
have the potential to be used as adjunctive agents to 
conventional systemic therapy to augment therapeutic 
drug levels or as part of second-line anti-TB regimens. 
Mycobacteria are prototypic intracellular pathogens 
that reside within alveolar macrophages. A potential 
advantage of inhaled antibiotics in this setting is that drug 
particles can be phagocytosed by alveolar macrophages 
within the airways and alveoli, resulting in higher drug 
concentrations within the macrophage cytosol than 
would otherwise be achieved using systemic agents, and 
potentially overcoming drug resistance. For NTM lung 
disease, nebulized nonliposomal amikacin was added to 
standard therapy in a nonrandomized and uncontrolled 
study of 20 patients with treatment-refractory NTM disease, 
which resulted in improved symptoms and microbiologic 
outcomes, but one-thirds of patients had to stop treatment 
due to toxicity.’ 


TABLE 2  Aerosolized antibiotic dosing 


Type of study 


Number of | 


Chronic Obstructive Pulmonary Disease 


There are no published RCTs examining the effects of inhaled 
antibiotics on health outcomes in chronic obstructive 
pulmonary disease. In a small and uncontrolled study of 
patients with severe chronic obstructive pulmonary disease 
and colonization with MDR P, aeruginosa, tobramycin 
solution for inhalation was administered at a dose of 300 mg 
twice daily for 14 days.® There was a significant reduction 
in sputum inflammatory mediators at the end of the 2-week 
treatment period and a 42% reduction in the incidence of 
acute exacerbations in the 6 months post-treatment, when 
compared with the 6 months pretreatment. With these 
limited data, it is not possible to assess efficacy or safety of 
inhaled antibiotics in this population. 


& AEROSOLIZED ANTIBIOTIC DOSING”? 


Aerosolized antibiotic dosing is given in table 2. 


patients 


Palmer et al.'3 Double-blind, randomized, 43 19-92 
placebo-controlled 

Palmeretal?^ Prospective, serial study, 6 19-96 
self-controlled 

Mohretal?? ^ Retrospective chart review 22 21-78 

Davis etal.2? Prospective open-label study 6 52-73 

Hallal etal. ^ Randomized, double-blind, 10 23-72 
double-dummy 

Labirisetal?? ^ Labiris et al. 10 52421 

Levineet al2° ^ Prospective, randomized 30 34 

Dhand*” Review article N/A N/A 

Hamer? Case series 3 45-67 

Holloway Retrospective chart review 2 15-77 

et al! 

Kwa et al. Retrospective chart review — 21 61 

Michalopoulos Retrospective chart review — 8 60 years 


et a| $9 


Dose nebulized Duration 
| characteristics 
ICU, MV Vanc 120 mg/2mLq8 Maximum 
Gent 80 mg/2 mL q8 14 days 
ICU, MV Gent 80 mg q8 2-3 weeks 
Amikacin 400 mg q8 
Amikacin 400 mg q12 
(renal failure) 
ICU, MV Tobra 300 mg q12 7-10 days 
Amikacin 400 mg q8 
Amikacin 400 mg q12 
: Amikacin 1 gram q12 
MAC treatment — Amikacin 15 mg/kg/day 4-52 months 
ICU, MV, GN VAP Tobra 300 mg q12 14 days 
CF or bronchiectasis Gent 160 mg x 1 Single dose trial. 
Burn patients with Gent 80 mg q8 10 days. 
inhalation injury 
N/A Colistin 40 mg q12 Not provided 
Colistin 80 mg q12 ` 
Colistin 160 mg q8 
Tobra 300 mg qi2 
ICU, pneumonia Colistin 150 mg q12 11-14 days 
Colistin 100 mg q12 “ 
ICU, GN VAP Colistin 160 mg Not provided 
ICU, MDR VAP Colistin 80 mg q6-12 14 days (2-36 
days) 
MDR VAP "  Colistin 40 mg q6-8 3-19 days 


Colistin 80 mg q8 
Colistin 120 mg q8 
Colistin 160 mg q8 


CF, cystic fibrosis; GN, Gram-negative; ICU, intensive care unit; MAC, Mycoplasma pneumoniae; MDR, multidrug resistant; MV, mechanical ventilation; VAP, ventilator- 


associated pneumonia; gent, gentamicin; vanc, vancomycin; tobra, tobramycin. 
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i: CONCLUSION 


Aerosolized antibiotic therapy may provide an efficacious 
means of treating respiratory tract infection when targeted 
at mechanically ventilated patients with proximal airway 
infection, VAT (with or without VAP) and with highly resistant 
organisms. The increasing prevalence and complexity 
of MDR organisms in nosocomial infections have fueled 
interest in novel therapeutic approaches. Adjunctive- 
aerosolized antibiotic (AAA) therapy for pneumonia has 
gained popularity and supported by apparent advantages 
of higher pulmonary antibiotic concentrations and lower 
systemic exposure. Balanced by a paucity of high-level 
evidence, consensus statements recommend AAA therapy be 
considered in patients with MDR pathogens not responding 
to intravenous therapy. One should hit hard and hit high, but 
atthe site (target) where it should hit. 
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CHAPTER 


Rapid Diagnostic Tests for 
Bacterial or Fungal Identification 
in Intensive Care Unit 


Kinjal Patel, Camilla Rodrigues 


# INTRODUCTION 


Inan era of multidrug-resistance microorganisms, infections 
are the most common complication seen in intensive care 
unit (ICU) patients. Recent advances in critical care medicine 
have also resulted in a steep rise in the incidence of invasive 
fungal infections over the recent years.! Rapid diagnosis and 
the determination of antimicrobial resistance markers are of 
utmost importance. There are several advantages in making 
rapid diagnosis of an infectious disease. Along with better 
patient management, preventive measures can be initiated 
in a timely manner. Also, early and accurate diagnosis not 
only helps for prompt treatment but it also limits the spread 
of disease by implementing effective preventive and isolation 
measures. 


Wl SPECIMEN COLLECTION AND TRANSPORT 


Preanalytical aspects, such as specimen collection and 


transport, are the most essential step in laboratory diagnosis. ` 


It is very important to collect the proper specimen using 
sterile equipment and containers to prevent contamination 
of sample by extraneous environmental sources and normal 
flora. Isolation of infectious agents from contaminated sites, 
such as stool, poses a great challenge, hence, inhibitory 
agents should be used to select them over normal flora. In 
samples such as urine, prompt inoculation is needed to 
prevent doubling and quadrupling of viable bacteria. 
Besides collection, specimen transport is also a vital 
aspect. Transportation of the specimen in a timely manner 
and in an appropriate transport medium is important. 
Especially for molecular testing where specimens range from 
whole blood to plasma to body fluids, swabs and occasionally 
tissues, ideal transportation techniques are important to 
prevent degradation of nucleic acids or overgrowth by normal 
flora. Also, when anaerobes are suspected, maintenance of 
the redox potential with transport media as Stuart's medium 
along with rapid transport to the laboratory ensures the 


[ DIAGNOSIS OF CATHETER- 


isolation of suspected organisms. In ICU settings, where 
rapid diagnosis is required for critically ill patients, ideal type 
of specimen and prompt transport are of utmost importance. 

More than 20% of all nosocomial infections are acquired 
in ICUs besides the fact that less than 1076 of the total 
number of beds are occupied by ICUs in most hospitals.?* 


-Clinically significant infections observed in ICUs are 


intravascular catheter-related bloods tream infections 
(CRBSIs), pneumonia—both ventilator and nonventilator 
associated, catheter-associated urinary tract infections 
(UTIs), skin and soft tissue infections (SSTIs), viral infections, 
and tuberculosis. Also, as multidrug-resistant pathogens 
are more frequently isolated,? these impede the initiation 
of appropriate antibiotic therapy resulting in increased 
mortality."? Hence, a rapid etiological diagnosis is vital. 


RELATED BLOODSTREAM INFECTIONS 


To define CRBSI for diagnosing and treating purpose, specific 
laboratory testing is required to identify catheter as a source 
of bloodstream infection? 

There are three approaches for diagnosis of CRBSI. First, 
differential paired quantitative blood cultures, second is 
semiquantitative cultures of exit site around the portal of 
entry and of catheter hubs, and third is differential time to 
positivity.19!! 


Differential-paired 
Quantitative Blood Cultures 


For proven CRBSI, differential colony count 23:1 CFU/mL 
of bacteria from the blood culture drawn from central line 
compared to blood culture drawn from peripheral line should 
be present. This approach showed sensitivity of 80% and 
specificity of 90-100%. However, the risk of contamination 
and the risk of exposure of laboratory technicians to blood 
remain limitations.!? 
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Combined Exit-site and Hub Cultures 


Exit-site cultures are collected from skin 2 cm surrounding 
the catheter insertion site and the various hubs. If the growth 
of «15 CFUs per plate of the same microorganism is obtained 
from both the cultures, then the catheter as a source of the 
bloodstream infection is ruled out. Gram staining of skin 
and hub swabs is helpful for the rapid diagnosis of CRBSI.* 


Differential Time to Positivity 


This is defined as 22 hours of difference in time to positivity 
of a central venous catheter blood culture and a peripheral 
blood culture./^5 However a continuous-monitoring 
automated blood culture system is required. Depending on 
the type of catheter whether short-term or long-term and 
the patient, the Differential Time to Positivity (DTTP) test 
showed a sensitivity of 86-93%, specificity of 87-92%, positive 
predictive value (PPV) of 85-88%, and negative predictive 
value (NPV) of 89-95%. 161” 

Comparison of these three approaches was reported 
by Bouza et al.!® This study indicated that DTTP had better 
sensitivity of 96.4% and NPV of 99.4% than paired blood 
cultures to detect catheter-tip colonization (71.4 and 95.6%) 
while all three methods showed a high NPV. 


RAPID DIAGNOSIS OF 
pBLOODSTREAM INFECTIONS — 


The diagnosis of bloodstream infections in ICU patients is 
a major challenge. In such situations, blood cultures are 
indicated in all infections. Although recovery of bacteria 
from blood during episodes of sepsis is not difficult, certain 
concepts need to be understood. Adequate skin preparation 
prior to venipuncture and minimum of 30-40 mL of blood 
in blood culture bottles, Studies have shown that 2-3 blood 
culture sets are adequate for detecting common pathogens. 
The recovery in the first culture is 80%, 88% in two cultures, 
and 99% in all three cultures.!° Blood cultures are the gold 
standard diagnostic procedure, however, are time-consuming 
and slow. Only detection of viable microorganisms is possible 
and even sensitivity is low for slow growing, intracellular 
and fastidious microorganisms. There are fully automated 
instruments available today for rapid and accurate 
identification as well as susceptibility testing by minimum 
inhibitory concentration.” 

In today's era, molecular techniques provide faster 
and sensitive results along with the direct identification of 
responsible pathogens." Also, they are highly sensitive to 
detect low pathogen numbers as in meningitis. Afshari et al.” 
discussed various molecular tests commercially available 
today. Despite the potentially high PPV, the NPV may be 
insufficient to exclude infection. At present, molecular tests 
are used to complement the results of culture, especially in 
serious clinical situations.” 


Matrix-assisted laser desorption/ionization time of 
flight (MALDI-TOF) is now replacing biochemical and gene- 
sequencing methods for organism identification because 
it is easily implemented, highly accurate, and fast?9?9 The 
entire procedure for identification from smear preparation to 
reporting of the final result is completed within 30 minutes. 
The MALDI-TOFMS (mass spectrometry) has been used 
in the direct detection of bacteria-causing meningitis from 
cerebrospinal fluids (CSFs),? for rapid identification of 
atypical, Gram-negative organisms, and respiratory tract 
pathogens, which chronically infect patients with cystic 
fibrosis? and for CRBSI.?! 

Recently, MALDI-TOF MS has also been used to detect 
resistance mechanisms. It could be used as a screening tool for 
differentiating vancomycin-resistant Enterococcus faecium 
strains from vancomycin-susceptible E. faecium strains.?? The 
production of B-lactamases can be detected by employing 
mass spectrometric B-lactamase assay. Also, evaluated 
for identification and differentiation of carbapenemase- 
producing clinical strains of Enterobacteriaceae and 
Pseudomonas aeruginosa from  metallobetalactamase- 
producing strains? and for detection and carbapenemase 
production in anaerobic bacterium.** Hence, this process is 
rapid, sensitive, and economical in terms of both labor and 
costs involved. 


ij RAPID DIAGNOSIS OF VENTILATOR- 
I ASSOCIATED PNEUMONIA (VAP) | 


Though the terminology for VAP has changed, in this article 
we will use the original term. Hospital-acquired pneumonia, 
which includes ventilator-associated pneumonia (VAP) and 
healthcare-associated pneumonia, is one of the leading 
causes of infection and mortality in ICU.?? In patients with 
suspected VAP, lower respiratory tract sample should be 
submitted for microscopy examination and culture.35 Even 
cultute samples should ideally be transferred to microbiology 
department within 30 minutes of collection to avoid delay 
in processing and bacterial overgrowth.?937 If unavoidable, 

specimens should be stored in refrigerated or frozen for 24 

hours. 

e Gram stain: Immediate reporting of Gram stain result 
guides the clinicians to make decision whether to initiate 
or to limit antibiotic treatment until culture results 
become available. Data showed sensitivity of 57-95%, 
specificity of 48-87%, PPV of 47-78%, NPV of 69-96%, 
and accuracy of 60-88%.**? Guidelines recommend a 
Gram stain directly on the sample and its quantitative 
culture.“ Quantifying the proportion of cells-containing 
intracellular organisms in bronchoalveolar lavage (BAL) 
has also been proposed as a rapid method with high 
PPV.“ Also, Gram stain does not seem to be affected by 
antibiotic therapy up to 72 hours prior to sampling” 

e Serology: C-reactive protein (CRP) is a nonspecific 


biomarker of inflammation and may also be elevatedin 219 
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the presence of pulmonary infiltrates of noninfectious 
cause. "? Procalcitonin (PCT) too is not a good marker for 
the diagnosis of VAP." However, in VAP, elevated levels 
indicate more severe clinical course and sustained high 
levels indicate worse outcome during the first week of 
illness.“ Despite incompatibility, PCT seems to be a good 
indicator of bacterial load 

e Molecular method: At present, there is no rapid procedure 
for the management of VAP. Molecular methods are still 
in development but such diagnostic assay should target 
various microorganisms and resistance genes, including 
most common pathogens like Staphylococcus aureus, 
P. aeruginosa, Acinetobacter baumannii, and resistance 
genes like mecA, bla, blaimo blayjy, and blagx,.” 


:- RAPID DIAGNOSIS OF 
“ URINARY TRACT INFECTION 


Microbiological confirmation of a UTI is usually not as 
critical like sepsis. Gram staining from fresh uncentrifuged 
urine definitely shortens the turnaround time for reporting 
negative culture results and guides empirical antibiotic 


, treatment. However, its use is limited because it needs more 


equipment and time than dipstick analysis and is unlikely to 
replace dipstick testing across all healthcare settings.°° Gram 
staining has sensitivity of 82.2-97.9%; specificity 66.0-95.0%, 
PPV 31.6-94.3%, and NPV 95.2-99.5% 5153 

Performing antimicrobial susceptibility testing directly 
from urine specimens has the advantage of next-day 
reporting. However, this method is condemned because 
the inoculum is not standardized and sometimes mixture of 
microorganisms found in the sample.5*5" 


* RAPID DIAGNOSIS OF SKIN 
' AND SOFT TISSUE INFECTIONS 


Usually, cultures are not indicated for uncomplicated SSTIs 
as they are treated in the outpatient setting. However, 
cultures are indicated for patients who require operative 
incision and drainage because of the risk of deep structure 
and underlying tissue involvement. Although sensitivity 
of blood cultures in cellulitis is low, it is beneficial for 
management of ICU patients. In emergency, Gram stain 
will help to determine the quality and potential pathogens 
present that must be followed by a conventional culture 
procedure. 


-- OTHER RAPID 
- MICROBIOLOGICAL TESTS USEFUL 
* FOR INTENSIVE CARE UNIT PATIENTS 


Detection of Stfeptococcus pneumoniae antigen and 
Legionella pneumophila serogroup 1 antigen in urine are 
most often used in for rapid diagnosis for patients with 
pneumonia.9"! Another rapid tests used are for the detection 


of viruses such as.influenza, Enterovirus, central nervous 
systeni viruses and detection of Mycobacterium tuberculosis 
along with resistance genes.™-"" 

Latex agglutination techniques are used to demonstrate 
the soluble polysaccharide antigens of Neisseria 
meningitidis, Haemophilus influenzae type B, and 
S. pneumoniae in patients of acute pyogenic meningitis, 
Especially in neonatal meningitis, detection of Escherichia 
coli, and group B streptococci can be done. These tests 
offer good specificity of more than 98% but the sensitivity 
varies with each bacterium tested. For N. meninigitidis 
A, C, Y, W135, and N. meningitidis B or E. coli K}, it is 71 
and 65%, respectively. For S. pneumoniae, it is 88 and 67% 
for H. influenzae and group B streptococci. This assay can 
also be used for serum after appropriate treatment with 
ethylenediaminetetraacetic acid." Similarly, for detection 
of L. pneumophila serogroup 1 antigen in urine, an in vitro 
rapid immunochromatographic assay is available that has a 
clinical sensitivity and specificity of more than 9595. 


BIOMARKERS IN SEPSIS 


Many molecules had been studied so far as potential 
biological makers of sepsis. ‘hese molecules include 
CRP, PCT, pentraxin 3 (PTX3), soluble triggering receptor 
expressed on myeloid cells-1, soluble urokinase-type 
plasminogen receptor, proadrenomedullin, and presepsin.? 


C-reactive Protein 


C-reactive protein is an acute phase protein synthesized by 
liver in response to inflammation or tissue insult and widely 
used as a marker to diagnose and manage patients with 
sepsis. In infection, CRP concentrations increased over time, 
yet remained unchanged in noninfected patients. Variation 
of at least 4.1 mg/dL in daily CRP monitoring was predictive 


.of nosocomial infection with a sensitivity of 92% and 


specificity of 71%.°° Study by Povoa et al. showed that in ICU 
patients, serum CRP of more than 8.7 mg/dL had sensitivity 
of 93% and specificity of 8676.9" Similarly, if patients had 
CRP concentrations more than 10 mg/dL on ICU admission, 
a decrease in CRP after 48 hours showed mortality rate 
of 15%, while its increase was associated with a mortality 
rate of 619595 Its low specificity is the primary drawback as 
a biomarker of sepsis in adults, still it is commonly used to 
screen for early onset sepsis in neonatology.9? 


Procalcitonin 


The peptide precursor of calcitonin is released by 
parenchymal cells, liver cells, kidney cells, adipocytes, and 
muscle cells in response’to bacterial infections, leading to 
raised serum levels up to 5,000-fold within 2-4 hours and 
downregulated in patients with viral infections.” Thus, PCT 
is more specific than CRP for detecting bacterial infection. 
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Although, PCT has been shown to correlate with infection, it 
has some limitations. Accuracy of PCT to discriminate sepsis 
and systemic inflammatory response is low with sensitivity 
of 77% and specificity of 79%.” It rises transiently in patients 
with nonseptic conditions and systemic inflammatory 
response syndromes, e.g., trauma, surgery, and heat stroke, 
and is not detectable in certain cases of sepsis.’ 


Pentraxin 3 


It is a protein with structural similarity to CRP, produced 
primarily by inflammatory cells rather than the liver. Like CRP, 
PTX3 has been shown to correlate with the severity of sepsis. 
However, it is also elevated in noninfectious inflammatory 
disorders, hence offers no advantage over CRP.? 


|. RECENT ADVANCES IN SYNDROMIC 
i! APPROACH OF INFECTIOUS DISEASES 


Recently introduced FilmArray platform (BioFire) is a closed 
diagnostic system based on multiplex polymerase chain 


.reaction (PCR) analysis with automated readout of results 


directly from CSE, respiratory sample, stool and positive 
blood cultures within 1 hour. 


Blood Culture Identification Panel 


This includes 19 bacteria, 5 yeasts, and 3 antibiotic resistance 
genes, could identify microorganisms with accuracy of 91.6% 
with monomicrobial growth.” 


Gastrointestinal Panel 


This detects 22 different enteric pathogens with a good sensi- 
tivity of 100% and specificity more than 97.1% for all targets? 


Meningitis/Encephalitis Panel 


This panel detects 14 targets with a specificity of 99.2% or 
greater for all analytes. The lower boundaries of the 95% 
confidence interval for specificity were 98.7% or greater for 
all targets,”6 


Respiratory Panel 


This panel that is currently for upper respiratory pathogens 
demonstrated very high-positive and negative percent 
agreement of 85-100% and 90-100%, respectively, for nearly 
all analytes. 


* RAPID DIAGNOSIS OF FUNGAL SEPSIS _ 


Invasive fungal infections have dramatically increased in 
recent years and are associated with significant morbidity 


and mortality. It is essential to have a high index of clinical 
suspicion and perform an early diagnosis for critically ill 
patients, including candidiasis, cryptococcosis, aspergillosis, 
and mucormycosis for successful outcome. 


Microscopy 


Gram stain is the most rapid and useful method in the 
diagnosis ofinfections and can be performed on any specimen. 
However, use of fluorescent stains such as calcofluor-white 
stain may enhance detection of hyphal filaments. India ink 
mount is useful to perform negative staining to detect capsular 
organisms, e.g., Cryptococcus in CSE 


Blood Culture 


Sensitivity of blood cultures is only 55-70% (with three sets of 
blood culture and a total blood volume of 60 mL), therefore 
various nonculture methods are under development.” 


Serology 


Many targets like mannan and antimannan antibodies 
(1,3)-B-D-glucan, enolase and antibodies to enolase and 
metabolic product D-arabinitol are being used. These tests 
may help in the pre-emptive antifungal therapy. 


(1,3)-B-D-glucan 


They have moderate sensitivity of 60-80% for candidemia 
and detection of serum. (1, 3)-B-D-glucan is not very specific 
as false positive can occur due to dialysis, gauze, total 
parenteral nutrition, cardiopulmonary bypass, intravenous 
immunoglobulins, and other fungi like Aspergillus, Fusarium, 
Trichosporon, etc.” 


Galactomannan 


Heat-stable heteropolysaccharide of the Aspergillus cell 
wall and a product of budding hyphae are useful for an 
early diagnosis and monitoring therapeutic response. The 
Aspergillus galactomannan (GM) enzyme immunoassay 
can be performed on serum, BAL, CSE, peritoneal fluid, and 
pericardial fluid. A positive result is considered as value of 
more than 0.5 for serum." The specificity of GM is around 
90-9296, hence good NPV. In neutropenic patients, as 
the burden is high, serum GM has a very good sensitivity 
up to more than 90% and in non-neutropenic patients, it 
is around only 30% but BAL GM has a good sensitivity of 
more than 95%. False-positive results can occur in neonates 
and children with prior piperacillin-tazobactam and other 
-lactams, cross-reactivity (Bifidobacterium, Penicillium, 
Paecilomyces, and Histoplasma capsulatum) and laboratory 
contamination. 
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Latex Agglutination Test 


Latex agglutination test is a preferred test for rapid detection 
of Cryptococcal antigen. They can be used for diagnosis 
as well as therapeutic monitoring. The latex agglutination 
methods have a sensitivity of approximately 93% and 
specificity from 93-100% and are equivalent to enzyme- 
linked immunosorbent assay test in detecting antigen.?! 


Aspergillus Lateral Flow Device 


‘Rapid immunochromatography test for qualitative detection 

of invasive pulmonary aspergillosis in human serum and 
BAL fluid. This test uses a monoclonal antibody JF5 that 
detects antigenic mannoproteins produced by the fungus 
during active growth. Results are obtained in «15 minutes 
with sensitivity of 81.8%, specificity of 84.7%, and NPV of 
92.5%.82 


T2MR and T2Candida 


T2MR is a magnetic resonance-based method that allows 
detection directly in complex samples, such as whole blood 
from patients suspected of sepsis, and T2Candida panel 
rapidly detects and identifies the causative pathogen of 
fungal sepsis directly from a patient's blood sample in a 
culture-independent manner with overall sensitivity of 91.1% 
and overall specificity of 99.49.55 


Fungal Polymerase Chain Reaction 


Fungal PCR is a new diagnostic tool for fungemia; however, 
many limitations like optimum specimen, deoxyribonucleic 
acid extraction, and contamination make them less cost 
effective. Matrix-assisted laser desorption-TOFMS is a reliable 
and time-saving approach for identification of various yeast 
species in bloodstream infections." 

As the rapid diagnostic modalities for fungal infections 
are still under development, it is important to combine 
the knowledge of the risk factors, colonization status and 
molecular diagnosis for appropriate management. On the 
basis of these, empirical antifungal therapy can be started in 
critically ill patients with sepsis syndrome. 


ig CONCLUSION _ 


Significant advances have been achieved recently in 
rapid etiologic diagnosis of infectious diseases. Current 
diagnostics has shortened the turnaround times which is 
beneficial in treatment of many infections, such as sepsis, 
pneumonia, UTis, SSTIs, viral infections, fungal infections, 
or tuberculosis. However, for better patient management, 
a dialogue between the clinician and laboratory physician 
regarding the diagnostics is imperative. 


12. 


13. 


15. 


16. 


REFERENCES — 


1. 


Limper AH, Knox KS, Sarosi GA, et al. An official American Thoracic Society 
statement: treatment of fungat infections in adult pulmonary and critical care 
patients..Am J Respir Crit Care Med. 2011;183(1):96-128. 


. Burgmann H, Hiesmayr JM, Savey A, et al. Impact of nosocomial infections on 


clinical outcome and resource consumption in critically ili patients. Intensive 
Care Med. 2010;36(9):1597-601. 


. Zarb P, Coignard B, Griskeviciene J, et al. The European Centre for Disease 


Prevention and Control (ECDC) pilot point prevalence survey of healthcare- 
associated infections and antimicrobial use. Euro Surveill. 2012;17(46):20316, 


. Olaechea PM, Palomar M, Alvarez-Lerma F, et al. Morbidity and mortality 


associated with primary and catheter-related bloodstream infections in critically 
ill patients. Rev Esp Quimioter. 2013;26(1):21-9. 


. Hidron Al, Edwards JR, Patel J, et al. NHSN annual update: antimicrobial- 


resistant pathogens associated with healthcare-associated infections: annual 
summary of data reported to the National Healthcare Safety Network at the 


‘Centers for Disease Control and Prevention, 2006-2007. Infect Control Hosp 


Epidemiol. 2008;29(1 1):996-1011. 


. Brusselaers N, Vogelaers D, Blot S. The rising problem of antimicrobial 


resistance in the intensive care unit. Ann Intensive Care, 2011;1:47. 

Ibrahim EH, Sherman G, Ward S, et al. The influence of inadequate antimicrobial 
treatment of bloodstream infections on patient outcomes in the ICU setting. 
Chest. 2000;118(1):1 46-55. 


. Muscedere JG, Shorr AF, Jiang X, et al. The adequacy of timely empiric antibiotic 


therapy for ventilator-associated pneumonia: an important determinant of 
outcome. J Crit Care. 2012;27(3):322.67 -14. 


. Manian FA. IDSA Guidelines for the diagnosis and management of intravascular 


catheter-related bloodstream infection. Clin Infect Dis. 2009;49(11):1770-1. 
Cercenado E, Era J, Rodriguez-Creixems M, Romero |, Bouza E. A conservative 
procedure for the diagnosis of catheter-related infections. Arch Intern Med. 
1990:150(7):1417-20. 


. Fortun J, Perez-Molina JA, Asensio A, et al. Semiquantitative culture of 


subcutaneous segment for conservative diagnosis of intravascular catheter- 
related infection. JPEN J Parenter Enteral Nutr. 2000;24(4):210-4. 

Blot F. Diagnosis of catheter-related infections. In: Seifert H, Jansen B, Farr B 
(Eds). Catheter-Related Infections. New York: Marcel Dekker; 2005. Pp. 37-76. 
Leon M, Garcia M, Herranz MA, et al. Diagnostic value of Gram staining of peri- 
catheter skin and the connection in the prediction of intravascular-catheter- 
related bacteremia. Enferm Infecc Microbiol Clin. 1998;16(5):21 4-8. 

Raad |, Hanna HA, Alakech B, et al. Differential time to positivity: a useful 
method for diagnosing catheter-related bloodstream infections. Ann Intern Med. 
2004;140(1):18-25, 

Sabatier C, Garcia X, Ferrer R, et al. Blood culture differential time to positivity 
enables safe catheter retention in suspected catheter-related bloodstream 
infection: a randomized controlled trial. Med Intensiva. 2015;39(3):135-41. 
Blot F, Nitenberg G, Chachaty E, et al. Diagnosis of catheter-related bacteraemia: 
a prospective comparison of the time to positivity of hub-blood versus 
peripheral-blood cultures. Lancet. 1999;354(9184):1071-7. 

Abdelkefi A, Achour W, Ben Othman T, et al. Difference in time to positivity is useful 
for the diagnosis of catheter-related bloodstream infection in hematopoietic stem 
cell transplant recipients. Bone Marrow Transplant. 2005;35(4):397 -401. 

Bouza E, Alvarado N, Alcala L, et al. A randomized and prospective study of 3 
procedures for the diagnosis of catheter related bloodstream infection without 
catheter withdrawal. Clin Infect Dis. 2007;44(6):820-6. 


. Washington JA 24, Blood cultures: principles and techniques. Mayo Clin Proc. 


1975;50(2):91-8. 


. Washington C, Koneman EW, Allen SD, et al. The Enterobacteriaceae. In: 


Koneman's Color Atlas and Textbook of Diagnostic Microbiology, 6th edition. 
Philadelphia: Lippincott Williams and Wilkins; 2006. Pp. 211-302. 


. Fenollar F, Raoult D. Molecular diagnosis of bloodstream infections caused by 
+ non cultivable bacteria. Int J Antimicrob Agents. 2007;30(Suppl 1):57-15. 


Liesenfeld O, Lehman L, Hunfeld KP, et al. Molecular diagnosis of sepsis: 
New aspects and recent developments. Eur J Microbiol Immunol (Bp). 
201 4;4(1):1-25. 


29. 


30. 


31. 


34. 


35. 


36. 


37 


38 


4 


Nar 


xi- 


ful 


lity 


iia: 


ful 


js; 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


CHAPTER 38: Rapid Diagnostic Tests for Bacterial or Fungal Identification in Intensive Care Unit 


T SSS eS SSO EL 


Murray PR, Masur H. Current approaches to the diagnosis of bacterial and 
fungal bloodstream infections in the intensive care unit. Crit Care Med. 
9012;40(12):3277-82. 

Afshari A, Schrenzel J, leven M, et al. Bench-to-bedside review: rapid molecular 
diagnostics for bloodstream infection—a new frontier? Crit Care. 2012;16(3):222. 
Chang SS, Hsieh WH, Liu TS, et al. Multiplex PCR system for rapid detection of 
pathogens in patients with presumed sepsis—a systemic review and meta- 
analysis. PLoS One. 2013;8(6):e62323. 

Lehmann LE, Herpichboehm B, Kost GJ, et al. Cost and mortality prediction 
using polymerase chain reaction pathogen detection in sepsis: evidence from 
three observational trials. Crit Care. 2010;14(5):R186. 

Ho YP, Reddy PM. Advances in mass spectrometry for the identification of 
pathogens. Mass Spectrom Rev. 2011;30(6):1203-24. 

Cherkaoui A, Hibbs J, Emonet S, et al. Comparison of two matrix-assisted 
laser desorption ionization-time of flight mass spectrometry methods with 
conventional phenotypic identification for routine identification of bacteria to the 
species level. J ClinMicrobiol. 2010;48(4):1 169-75. 

Segawa S, Sawai S, Murata S, et al. Direct application of MALDI-TOF mass 
spectrometry to cerebrospinal fluid for rapid pathogen identification in a patient 
with bacterial meningitis. Clin Chim Acta. 2014;435:59-61. 

Alby K, Gilligan PH, Miller MB. Comparison of matrix-assisted laser desorption 
ionization-time of flight (maldi-tof) mass spectrometry platforms for the 
identification of Gram-negative rods from patients with cystic fibrosis. J Clin 
Microbiol. 2013;51(11):3852-4. 

Guembe M, Rodriguez-Sanchez B, Ruiz A, et al. Can MALDI-TOF mass 
spectrometry be used with intravascular catheters? Enferm Infecc Microbiol 
Clin. 2014;32(6):372-4. 

Wang LJ, Lu XX, Wu W, et al. Application of matrix-assisted laser desorption 
ionization time-of-flight mass spectrometry in the screening of vanA-positive 
Enterococcus faecium. Eur J Mass Spectrom. 2014;20(6):461-5. 
Hoyos-Mallecot Y, Cabrera-Alvargonzalez JJ, Miranda-Casas C, et al. MALDI- 
TOFMS, a useful instrument for differentiating metallo-B-lactamases in 
Enterobacteriaceae and Pseudomonas spp. Lett Appl Microbiol. 2014;58(4): 
325-9. 

Johansson A, Nagy E, SókiJ, ESGAKESCMID Study Group on Anaerobic 
Infections). Detection of carbapenemase activities of Bacteroides fragilis 
strains with matrix-assisted laser desorption ionization—time of flight mass 
spectrometry (MALDI-TOFMS). Anaerobe. 2014;26:49-52. 

American Thoracic Society, Infectious Diseases Society of America. Guidelines 
for the management of adults with hospital-acquired, ventilator-associated, and 
healthcare-associated pneumonia. Am J Respir Crit Care Med. 2005;171(4): 
388-416. 

Baselski VS, El-Torky M, Coalson JJ, et al. The standardization of criteria for 
processing and interpreting laboratory specimens in patients with suspected 
ventilator-associated pneumonia. Chest. 1992;102(5 Suppl 1):5718-98. 
Georges H, Santre C, Leroy 0, et al. Reliability of quantitative cultures of protected 
specimen brush after freezing. Am J Respir Crit Care Med. 1996;153(2): 
855-7. 

de Lassence A, Joly-Guillou ML, Salah A, et al. Accuracy of delayed (24 hours) 
processing of bronchoalveolar lavage for diagnosing bacterial pneumonia. Crit 
Care Med. 2004;32(3):680-5. 

Maillet JM, Fitoussi F, Penaud D, et al. Concordance of antibiotic prophylaxis, 
direct Gram staining and protected brush specimen culture results for 
postoperative patients with suspected pneumonia. Eur J Anaesthesiol. 2006; 
23(7):563-7. 

Blot F, Raynard B, Chachaty E, et al. Value of gram stain examination of lower 
respiratory tract secretions for early diagnosis of nosocomial pneumonia. Am J 
Respir Crit Care Med. 2000;162(5):1731-7. 

Croce MA, Fabian TC, Waddle-Smith L, et al. Utility of Gram's stain and efficacy 
of quantitative cultures for post-traumatic pneumonia: a prospective study. Ann 
Surg. 1998;227(5):743-51. 

Prekates A, Nanas S, Argyropoulou A, et al. The diagnostic value of gram 
stain of bronchoalveolar lavage samples in patients with suspected ventilator 
associated pneumonia. Scand J Infect Dis. 1998;30(1):43-7. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


90. 


91. 


92. 


93. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


Coffin SE, Klompas M, Classen D, et al. Strategies to prevent ventilator- 


associated pneumonia in acute care hospitals. Infect Control Hosp Epidemiol. 


2008;29(Suppl 1):S31-40. 

Masterton RG, Galloway A, French G, et al. Guidelines for the management of 
hospital-acquired pneumonia in the UK: report of the working party on hospital- 
acquired pneumonia of the British Society for Antimicrobial Chemotherapy. 
J Antimicrob Chemother. 2008;62(1):5-34. 

Linssen CF, Jacobs JA, Schouten JS, et al. Influence of antibiotic therapy on the 
cytological diagnosis of ventilator-associated pneumonia. intensive Care Med. 
2008;34(5):865-72. 

Wunderink RG. Surrogate markers and microbiologic end points. Clin infect Dis. 
2010;51 (Suppl 1):S126-30. 

Jung B, Embriaco N; Roux F, et al. Microbiogical data, but not procalcitonin 
improve the accuracy of the clinical pulmonary infection score. Intensive Care 
Med. 2010;36(5):790-8. 

Luyt CE, Guerin V, Combes A, et al. Procalcitonin Kinetics as a prognostic 
marker of ventilator associated pneumonia. Am J Respir Crit Care Med. 
2005;171(1):48-53. 

Tenover FC. Developing molecular amplification methods for rapid diagnosts 
of respiratory tract infections caused by bacterial pathogens. Clin Infect Dis. 
2011;52(Suppl 4):S338-45. 

Williams GJ, Macaskill P, Chan SF, et al. Absolute and relative accuracy of rapid 
urine tests for urinary tract infection in children: a meta-analysis. Lancet Infect 
Dis. 2010;10(4):240-50. 

Robins DG, Rogers KB, White RH, et al. Urine microscopy as an aid to detection 
of bacteriuria. Lancet. 1975;1(7905):476-8, 

Crout FY, Tilton RC. Rapid screening of urine for significant bacteriuria by Gram 
stain, acridine orange stain, and the Autobac MTS system. Diagn Microbiol 
Infect Dis 1984;2(3):179-86. 

Wiwanitkit V, Udomsantisuk N, Boonchalermvichian C. Diagnostic value and 
cost utility analysis for urine Gram stain and urine microscopic examination as 
Screening tests for urinary tract infection. Urol Res. 2005;33(3): 220-2. 
Kallenius G Dornbusch K, Hallander HO, et al. Comparison of direct and 
standardized antibiotic susceptibility testing in bacteriuria. Chemotherapy. 
1981;27(2):99-105. 

Johnson JR, Tiu FS, Stamm WE. Direct antimicrobial susceptibility testing for 
acute urinary tract infections in women. J Clin Microbiol. 1995;33(9):2316-23. 
Bronnestam R. Direct antimicrobial susceptibility testing in bacteriuria. APMIS. 
4999; 107(4):437-44. 

Breteler KB, Rentenaar RJ, Verkaart G, etal. Performance and clinical significance 
of direct antimicrobial susceptibility testing on urine from hospitalized patients. 
Scand J Infect Dis. 201 1;43(10):771-6. 

Baron EJ, Miller JM, Weinstein MP, et al. A guide to utilization of the microbiology 
laboratory for diagnosis of infectious diseases: 2013 recommendations by the 
Infectious Diseases Society of America (DSA) and the American Society for 
Microbiology (ASM). Clin Infect Dis. 2013;57(4):e22-e121. 

Stevens DL, Bisno AL, Chambers HF, et al. Practice guidelines for the 
diagnosis and management of skin and soft-tissue infections. Clin Infect Dis. 
2005;41(10):1373-406. 

Sinclair A, Xie X, Teltscher M, et al. Systematic review and meta-analysis 
of a urine-based pneumococcal antigen test for diagnosis of community- 
acquired pneumonia caused by Streptococcus pneumoniae. J Clin Microbiol. 
2013;51(7):2303-10. 

de Ory F, Minguito T. Comparison of five commercial assays for the detection 
of Legionella pneumophila antigens in urine. Enferm Infec Microbiol Clin. 
2009;27(2):81 -4. 

Emmadi R, Boonyaratanakornkit JB, Selvarangan R, et al. Molecular methods 
and platforms for infectious diseases testing a review of FDA-approved and 
cleared assays. J Mol Diagn. 201 1;13(6):583-604. 

Fenover FC. Potential impact of rapid diagnostic tests.on improving antimicrobial 
use. Ann N Y Acad Sci. 2010;1213:70-80. 

KaldorJ, Asznowicz R, Buist DG. Latex agglutination in diagnosis of bacterial 
infections with special reference to patients with meningitis and septicemia. Am 
J Clin Path. 1977;68(2):284-9. 


223 


224 


SECTION 4: Infectious Diseases 


e 


5 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74, 


75. 


. Henriquez-Camacho C, Losa J. Biomarkers of sepsis. Biomed Res Int. 2014; 
2014:547818. 

Povoa P, Coelho L, Almeida E, et al. C-reactive protein as a marker of infection 
in critically il! patients. Clin Microbiol Infect 2005;1 1(2):101-8. 

Pierrakos C, Vincent JL. Sepsis biomarkers: a review. Crit Care. 2010;14(1):R15. 
Povoa P, Coelho L, Almeida E, et al. Early identification of intensive care unit- 
acquired infections with daily monitoring of C-reactive protein: a prospective 
observational study. Crit Care. 2006;10(2):R63. 

Hofer N, Zacharias E, Muller W, et al. An update on the use of C-reactive protein 
in early-onset neonatal sepsis: current insights and new tasks. Neonatology. 
2012;102(1):25-36. 

Gilbert DN. Use of plasma procalcitonin levels as an adjunct to clinical 
microbiology. J Clin Microbiol. 2010;48(7):2325-9. 

Tang BM, Eslick GD, Craig JC, et al. Accuracy of procalcitonin for sepsis 
diagnosis in critically ill patients: systematic review and meta-analysis. Lancet 
Infect Dis. 2007;7(3):210-7. 

Wacker C, Prkno A, Brunkhorst F, et al. Procalcitonin as a diagnostic marker for 
sepsis: a systematic review and meta-analysis. Lancet Infect Dis. 2013;13(5): 
426-35. 

Faix JD. Biomarkers of sepsis. Crit Rev Clin Lab Sci. 2013;50(1):23-36. 

Altun O, Almuhayawi M, Ullberg M, et al. Clinical Evaluation of the Film Array 
Blood Culture Identification Panel in Identification of Bacteria and Yeasts from 
Positive Blood Culture Bottles. J Clin Microbiol. 2013;51(12):4130-6. 

Buss SN, Leber A, Chapin K, et al. Multicenter evaluation of the BioFire FilmArray 
gastrointestinal panel for etiologic diagnosis of infectious gastroenteritis. J Clin 
Microbiol. 2015;53(3):915-25. 


76. 


7T. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


Leber AL, Everhart K, Balada-Llasat JM, et al. Multicenter evalualion of the 
BioFire FilmArray Meningitis/Encephalitis Panel for the Detection of Bacteria, 
Viruses and Yeast in Cerebrospinal Fluid Specimens. J Clin Microbiol. 2016; 
54(8):2251-61. 

Magadia RR, Weinstein MP. Laboratory diagnosis of bacteremia and fungemia, 
Infect Dis Clin North Am. 2001;15(4):1009-24. 

Eggimann P, Bille J, Marchetti 0. Diagnosis of invasive candidiasis in the ICU. 
Ann Intensive Care. 2011;1:37. 

Walsh TJ, Anaissie EJ, Denning DW, et al. Treatment of aspergillosis: clinical 
practice guidelines of the Infectious Disease Society of America. Clin infect Dis. 
2008;46(3):327-60. 

Denning DW. Aspergillosis. In: Longo DL, Fauci SA, Kasper DL, Hauser SL, 
Jameson JL, Loscalzo J (Eds). Harrison's Principles of Internal Medicine, 18th 
edition. USA: McGraw-Hill Companies, Inc; 2012. Pp. 1655-60. 

Dominic RS, Prashanth H, Shenoy S, et al. Diagnostic value of latex agglutination 
in cryptococcal meningitis. J Lab Physicians. 2009;1 (2):67-8. 

Thomton CR. Development of an immunochromatographic lateral-flow device 
for rapid serodiagnosis of Invasive Aspergillosis. Clin Vaccine Immunol. 
2008;15(1):1095-105. 

Pfaller MA, Wolk DM, Lowery TJ. T2MR and T2Candida: novel technology for 
the rapid diagnosis of candidemia and invasive candidiasis. Future Microbiol. 
2016;11(1):103-17. 

Prod'hom G, Bizzini A, Durussel C, et al. Matrix-assisted laser desorption 
ionization-time of flight mass spectrometry for direct bacterial identification 
from positive blood culture pellets. J Clin Microbiol. 2010;48(4):1481 -3. 


oe TLLA IUIS 


f 


| 
| 


39 


CHAPTER 


Biomarkers in 
Invasive Fungal Infections 


Rajeev Soman, Pratik Savaj, Kanishka Davda 


RINTRODUCTION €. . 


There has been a considerable increase in the incidence of 
invasive fungal infections (IFIs) in intensive care unit (ICU). 
Till recently, only when the bacterial cultures were negative 
and the patient had not improved on empiric antibacterial 
therapy would it dawn upon the clinician that they may be 
dealing with a fungal infection. The scenario is, however, 
changing now as the settings in which fungal pathogens are 
involved are better identified and the means to treat them are 
becoming available. The principal fungal pathogens involved 
inthe ICU are Candida and Aspergillus. Cryptococcus and other 
yeasts as well as Mucor and other molds are less common. 
Since the fungal infections are associated with high mortality, 
a high index of suspicion is required for early diagnosis and 
treatment initiation, which is crucial for a successful outcome. 
Unfortunately, blood or other body fluid cultures are not often 
positive, and invasive procedures to make a tissue diagnosis 
are not possible due to many factors like thrombocytopenia, 
neutropenia, etc. in patients at risk for infection with these 
pathogens. To overcome this problem, nonculture-based 
methods like fungal biomarkers can be useful clinical tools. 
These tests may at times become positive even before signs and 
symptoms of clinical disease appear and can help to initiate 
pre-emptive antifungal therapy. Here, the authors present an 
overview of biomarkers in IFI and their utility in ICU.! 


8 INVASIVE CANDIDIASIS 
T IN INTENSIVE CARE UNIT DM 


Candida is the most common oppor: fungus causing 
invasive infection in the ICU. Colonization is the first step 
in the development of invasive candidiasis followed by 
invasion due to breach in skin or gut integrity. Neutropenia 
and prolonged use of antibiotics favor invasion and 
dissemination of Candida. Other risk factors are critical 
illness with prolonged ICU stay and indwelling vascular 
devices, total parenteral nutrition, hemodialysis, pancreatitis, 
gastrointestinal (GI) perforation, surgery, and steroids.! 


The incidence of ICU-acquired candidemia in India is 
6.51 cases/1,000 ICU admissions which are 20-30 times 
higher compared to western world.?? 

The most commonly isolated Candida species in India 
is Candida tropicalis followed by Candida albicans, and 
Candida parapsilosis. The median duration of onset of 
candidemia in ICU is 8 days, which is earlier as compared to 
the West. 

Blood culture is the gold standard for the diagnosis of 
candidemia, but it takes more than 48 hours to become 
positive and rate of culture positivity in India is 21%, which 
is lower than the West.? It has been shown that a delay of 
each day in initiating antifungal therapy after the onset 
of candidemia increases the risk of mortality. The risk 
of mortality is 15%, if antifungal treatment was started 
on the same day when blood cultures became positive 
which increases to 24%, 37%, and 40% with initiation 
of treatment on days 1, 2, and 23, respectively. For this 
reason, nonculture-based methods can be the key to early 
diagnosis. The use of serum biomarkers in the diagnosis of- 
invasive Candida infections can therefore be useful, 


Biomarkers of Candida!” (Table 1) 


Beta-D-glucan 

Itis a cell wall component of major fungi including Candida 
species, Aspergillus species, and Pneumocystis jiroveci. The 
Beta-D-glucan assay (Fungitell) has been approved by the 
US Food and Drug Administration (FDA). Sensitivity and 
specificity for diagnosing invasive candidiasis is 75-80% and 
80%, respectively. 


Mannan Antigen and 
Anti-mannan Antibodies 


Mannan is a component of Candida cell wall (7% of total 
dry cell weight), released in blood circulation during 
candidemia. It is short-lived due to rapid clearance followed 
by appearance of anti-mannan antibody. 
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TABLE 1 Biomarkers in Candidiasis 


Usefulness 


Biomarker 


Limitations 


: B-D-glucan . è Pan fungal marker ; * Technically difficult 
| : « Positive result may occur days-to-weeks prior to e False-positive result (Gram-positive and Gram-negative 
i ; positive blood culture bacteremia, IV amoxicillin-clavulanate, hemodialysis, fungal 
| e Serial values are useful for assessing response to colonization, IV albumin or IVIG, use of surgical gauze or 
; treatment other material containing glucan and mucositis) 
i e Uncertainties still remain about the best cutoff value for a 
i positive result, number of positive tests required to make 
| í a diagnosis, and optimal timing and frequency of testing 
| i among at-risk patients 
i - * Usefulness in children 
Sum PH a 1 Testing on sample other than serum - as. 
; Mannan antigen Le Good performance for albicans, tropicalis, glabrata ; * Rapidly cleared from blood and frequent. testing i is s required ; 
Antimannan ‘where blood culture is typically negative i in high risk patients ; 
! antibody * Sensitivity highest for Candida albicans | e Antibody detection is unreliable i in immunocompromised 
| * Positive test has been recorded several days before | — patient i 
radiological detection of hepatosplenic Candidiasis : : 
| è When the test is combined with simultaneous | | 
| mannan detection, the sensitivity and specificity | ! 
E! values improve to 83% and 86%, respectively NE ee ee eee eee SOR RENS i 
PCR t e High sensitivity (95%) and specificity (9296) | * Lack of standardized methodologies ! 
| | e Technically difficult : 
| © Does not give information about species and susceptibility | 
| ie Less useful unless done 24 x 7 : 
! e Role of PCR in testing samples other than blood is not i 
e M i kn own | 


WV intravenous; IVIG, intravenous immunoglobulin; PCR, polymerase chain reaction. 


Polymerase Chain Reaction 


Molecular diagnosis by polymerase chain reaction (PCR) 
allows the detection of fungal deoxyribonucleic acid (DNA) 
in the blood of patients before conventional methods can 
detect the fungi. 


INVASIVE ASPERGILLOSIS 
IN INTENSIVE CARE UNIT. 


The true incidence of invasive Dubia, aspergillosis (IPA) 
in ICU is difficult to quantify. Diagnostic issues include 
difficulty in differentiating colonization and invasion, 
diagnostic criteria [European Organization for Research 
and Treatment of Cancer/IFIs Cooperative Group and the 
National Institute of Allergy and Infectious Diseases Mycoses 
Study Group (EORTC/MSG criteria) are useful for clinical 
studies on the hematologic malignancy population] are 
not validated for the ICU population. Besides biomarkers 
[galactomannan (GM)] are not yet validated for the ICU 
population. Finally, very few institutions perform autopsies 
which give the true picture. However, risk categorization has 
been attempted with some success? (Box I). d 


Box 1: Risk categories of patients for invasive aspergillosis 
e High risk 
9 Neutropenia (neutrophil count «500/mm?) 
9 Hematologic malignancy 
o Allogenic bone marrow transplantation 
eè Intermediate risk 
© Prolonged treatment with corticosteroids before admission to 
ICU . 
Autologous bone marrow transplantation 
Chronic obstructive pulmonary disease 
Liver cirrhosis with duration of stay >7 days in ICU 
Solid organ tumor 
HIV infection 
Lung transplantation 
Systemic diseases requiring immunosuppressive therapy 
è Lowrisk 
© Severe burns 
Other SOT (heart, kidney and liver recipients) 
© Steroid treatment for less than 7 days 
o Prolonged stay in ICU >21 days 
[9] 
o 


oOo O O O Q 0 0 


o 


Malnutrition 
Postcardiac surgery status 


ICU, intensive care unit; HIV, human immunodeficiency virus; SOT, solid- 
organ transplant 
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Biomarkers in Aspergillosis 
Galactomannan (Tables 2-4) 


Galactomannan is a heat stable heteropolysaccharide 
consisting of a nonimmunogenic mannan core with immune 
reactive galactofuranosyl units, which is released during 
hyphal growth.’ Being an antigen and an early indicator of 
disease, it can be detected in blood even before clinical or 
radiologic features of disease appear. 

The value of GM [serum and bronchoalveolar lavage 
(BAL)] in aiding the diagnosis of IPA has been studied 
extensively, especially in the neutropenic, and hematologic 
malignancy populations, and has been included in the 
EORTC/MSG criteria. 

But there are some false-positive and false-negative 
results of GM.? Despite these shortcomings it has excellent 
diagnostic value when used appropriately. 


TABLE 2 False positives and false negatives with galactomannan? 


False-positive results False-negative results 


Other fungi can cause a positive result | Aspergillus | 
including Penicillium, Histoplasma tracheobronchitis i 

| capsulatum, Fusarium i 
Plasmalyte fluid used in BAL Non-neutropenic with i 
low-fungal burden (for  : 

serum GM) i 


m lactam drugs including Anti-aspergillus 
piperacillin-tazobactam, amoxy- | antibodies present 
clavulanic acid, cefepime, ceftriaxone, 


| Gl tract mucositis due to translocation | Prior mold-active 
| of food borne GM, or bacteria with antifungal prophylaxis 

| cross-reactive epitopes including 
| Bifidobacterium especially in neonates | : 


BAL, bronchoalveolar lavage; GM, galactomannan; GI, gastrointestinal. 


Sensitivity and specificity of galactomannan in 
-? neutropenic population with proven invasive 


: ~“ pulmonary aspergillosis 


Sensitivity (%) Specificity (%) 
|SeumGMODO5 | 70 | 92 


804 | 


GM, galactomannan; BAL, bronchoalveolar lavage. 


Sensitivity and specificity of galactomannan in non- 
neutropenic population’? 


TABLE-4 


: Sensitivity (96) 
[reum GM DES ! 36.8 ] - . 
| BALGM ! 947 | 


GM, galactomannan; BAL, bronchoalveolar lavage. 


Specificity (%) 


Hematologic Malignancies and Those Undergoing 
Hematopoietic Stem Cell Transplantation 


In this population, due to the higher fungal burden and lower 
neutrophil counts, the serum GM as well as the BAL GM have 
good sensitivity and specificity. Bronchoalveolar lavage has a 
greater sensitivity and a lower specificity. 


Non-neutropenic Population 


Not much data is available in this population to assess 
sensitivity and specificity accurately. Although, the BAL 
GM sensitivity and specificity is not really affected much by 
presence of neutropenia, it has been shown that neutrophils 
capture GM from blood by their mannose-binding receptors, 
thus assay sensitivity is lowered in patients who are non- 
neutropenic, !0!! 


Strategies of Testing (Table 5) 


There can be two strategies of GM testing in serum. Timely 
testing can be performed in case of clinical suspicion 
of IPA (clinic-radiologic finding consistent with IPA) to 
make a diagnosis of IPA and prompt-directed therapy for 
probable IPA. ` 

Alternatively, GM can be monitored regularly, in a 
select group of high risk patients (e.g, 2-3 times/week 
among oncohematologic patients during the neutropenic 
phase) in the absence of clinical signs or symptoms for early 
detection of IPA. In the latter strategy, a positive GM would 
be the first hint of the disease and trigger further diagnostic 
workup including computed tomography (CT) scan and 
bronchoscopy and may prompt pre-emptive therapy. 

The cutoff for BAL GM is still debated, but an optical 
density (OD) ofless than 0.5 virtually rules outthe diagnosis of 
IPA, while a value of more than 3 has near 100% specificity. 


Monitoring of Therapeutic Response 


Galactomannan is also useful in the follow-up for assess- 
ment of therapeutic response. While radiologic signs of 
improvement are usually delayed, a decline or increase in GM 
value in serum may be the first indicator toward therapeutic 
failure or success. 


ET Rational interpretation of galactomannan assay—the 
TABLE 5 following table demonstrates rational interpretation 
of the assay"! 


Value Sensitivity : Specificity Significance 


| »05 | High | Low | Rules out IPA, if negative | 
| »3 Low 100% | Rules in regardless of 

| | | pretest probability 

08 |864% |9079 | PPV81%, NPV93.6% — | 
0.5-3 E - | Pretest probability is 

x | crucial for interpretation 


IPA, invasive pulmonary aspergillosis; NPV, negative predictive values; PPV, 
positive predictive values. 


227 


SECTION 4: Infectíous Diseases 


Polymerase Chain Reaction 


A meta-analysis of PCR methods applied to blood, serum and 
plasma to detect IPA was published in 2009.'? Analysis using a 
single positive PCR gave a sensitivity of 88% and specificity of 
75%, whereas the requirement of two positive samples made 
the sensitivity 75% and specificity 87%. Majority of studies 
involved patients with hematologic malignancy, however, 
some studies also looked at solid-organ transplant (SOT) 
recipients. Another meta-analysis of the use of BAL for PCR 
diagnosis of IPA yielded a sensitivity of 9196 and specificity 
of 9295.5 


Limitations 


Multiple in-house assays exist with differences in DNA 
extraction, PCR technique and product detection with little 
or no standardization that can allow comparison of studies. 
Besides, the extent to which the detection can assist clinical 
management is not known. Hence, it has not yet been 
incorporated into the EORTC/MSG criteria. 


Polymerase Chain Reaction and 
Galactomannan : 


In preliminary studies, it has been shown that PCR positivity 
precedes GM assay by 2-3 weeks.!* A prospective trial 
comparing the use of GM and PCR as compared to GM alone 
found better performance of the combination as compared 
to either test alone. !4 


Breath Tests 


It has been found that in patients with suspected IPA, 
aspergillus secondary. metabolite signatures in breath 
(a-trans-bergamotene, B-trans-bergamotene, B-vatirenene- 
like sesquiterpene) identified IPA patients with a sensitivity 
94% and specificity of 93%. These results provided proof-of- 
concept that direct detection of fungal metabolites in breath 
can be used as a novel, noninvasive, pathogen-specific 
approach to identify patients with IPA." 


Lateral Flow Device 


A novel and simple lateral flow device (LFD) using mono- 
clonal antibody JF5 that targets an extracellular glycoprotein 
of Aspergillus has been developed. The performance of 
this LFD was compared to real-time PCR (targeting 28s 
rRNA gene) and GM detection when testing serum from an 
EORTC/MSG defined hematological population. In proven/ 
probable IPA versusno IPA population, the LED performance 
was comparable to both PCR and GM EIA. Specificity 
(98.0%) was similar to PCR (96.6%) and slightly superior to 
GM (91.5%). Sensitivity (81.8%) was inferior to PCR (95.5%), 
but better than GM (77.3%). In combination with PCR, it 


228 provided both 100% sensitivity and specificity.!9? 


; CONCLUSION 


Invasive fungal infections are an important challenge in the 
critically ill patient. Since early diagnosis of definite infection 
is difficult and treatment delay is to be avoided, new means 
of making early diagnosis is essential. On the other hand, 
starting treatment when the sepsis syndrome has already 
developed leads to delayed therapy and poor outcome. Since 
the sepsis syndrome could be due to other causes, empirical 
antifungal therapy may lead to overuse of antifungal agents. 
Hence, the use of biomarker-assisted diagnosis can achieve 
the twin goals of maximizing outcomes for the individual 
patient and minimizing the collateral damage to the microbial 
ecology of the ICU. 
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Extracorporeal Therapies for Sepsis: 
Current Status 


Deven Juneja, Yash Javeri, Anish Gupta, Omender Singh 


“Except on few occasions, the patient appears to die from the 
body's response to infection rather than from it." 
—Sir William Osler 


INTRODUCTION. 


Sepsis develops when the initial appropriate host response 
to infection gets amplified, disproportional, or dysregulated.’ 
The mortality from sepsis and septic shock still remains high 
despite the best of clinical practices. This fosters a continuous 
search for novel therapies that go beyond objective correction 
of oxygenation, hemodynamic, and other objective clinical 
parameters. Research continues investigating the modulation 
ofthe inflammatory response for limiting the harmful action of 
thebacterial products.? Endotoxin, cytokine, and various other 
mediators of sepsis lead to immune dysfunction, which further 
cascades and presents as physiological perturbations linked 
to sepsis? Extracorporeal therapies (ECTs) have evidence 
in endotoxin removal and clinical utility in management of 
critically ill septic patients. The physiological basis is strong 
with favorable clinical outcomes. There are multiple options 
available to the clinicians to choose from. However, selection 
criteria and outcomes need to be judiciously understood. 
Over the last decade, multiple extracorporeal techniques have 
evolved with the intent of influencing the circulating levels of 
different inflammatory mediators.* 

Extracorporeal therapies as adjuvant to conventional 
medical care may be effective in improving clinical outcomes 
in a selective subset of critically ill patients diagnosed 
With sepsis. An adjuvant (from Latin, adiuvare: to aid) is a 
pharmacological or immunological agent that modifies 
the effect of conventional therapies, which are essentially 
standard of care. Extracorporeal therapies may be utilized as 
adjuvant therapies for critically ill septic patients. 


« PHYSIOLOGICAL BASIS — 


Pathobiology of sepsis is explained by organ dysfunction 
Caused by dysregulated host response to infection 


(Flowchart 1). Sepsis treatment should follow the trident 
approach with judicious antimicrobials, immunomodulation, 
and multiorgan support therapy (MOST). Sepsis is a complex 
cascade of cellular and humoral network. It is the result 
of inappropriate and global activation or deactivation of 
innate immune, inflammatory, thrombotic, and metabolic 
pathways. There is “immune confusion” and widespread 
dysregulated inflammation with mediators damaging 
bystander organs leading to organ dysfunction.’ Recognizing 
the fact that there is a need for other treatment modalities 
apart from antibiotics, new additional approaches to stop the 
sepsis cascade at different levels have been developed. 

Endotoxin or lipopolysaccharides (LPS) is one of the 
major components of the cell membrane in Gram-negative 
bacteria. When the bacteria are lysed the endotoxin is 
released. Another major endogenous source of endotoxin is 
mucosal barrier injury in the gut.> 

Endotoxin is the principal alarm molecule and the most 
potent microbial mediator in the pathogenesis of sepsis. 
Endotoxins are detectable in most septic patients and 
elevated levels are associated with worse clinical outcomes. 
There is a strong evidence linking sepsis to direct and 
indirect effects of endotoxins. Thus, it may seem prudent to 
antagonize and/or remove endotoxins in critically ill septic 
patients. Immunomodulation has a very firm physiological 
basis with strong clinical plausibility for utilizing ECTs for 
sepsis." 


Severe sepsis: The final common pathway 
Endothelial dysfunction and microvascular thrombosis 
Hypoperfusion/Ischemia 


Acute organ dysfunction {severe sepsis) 


FLOWCHART 1: Sepsis physiopathogenesis 
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Over the last 40 years, numerous trials of adjuvant 
therapies have been conducted in critically ill septic patients. 
Generally, the results have been less promising in larger trials. 
Most adjuvant therapies failed to show significant survival 
benefit. An ideal therapy should precisely modulate sepsis 
cascade by various mechanisms without any deleterious 
effect on physiological functions. 

Cytokine theory of sepsis suggests pivotal role of various 
cytokines in sepsis. Augmentation of a local response into 
a systemic immune response leads to activation of many 
signaling pathways manifesting as "cytokine storm” Effective 
reduction of cytokine and other mediator modulates the 
immune response. An extracorporeal intervention decreases 
the danger-associated molecular pattern-based excessive 
proinflammatory response." 

"Peak concentration" hypothesis is based on animal 
models where injection of endotoxins is followed by serial 
peaks of mediators. Initially, proinflammatory mediators 
overwhelm, which is subsequently followed by an increase in 
anti-inflammatory mediators,!°"! The "peak concentration" 
hypothesis further hypothesizes that a nonselective control of 
the peaks of inflammation and immunoparalysis may help to 
restore immune homeostasis. The control of such a nonlinear 


. System cannot be done by simple blockade or elimination 


of a few specific mediators.!* Nonselective control of these 
peaks of systemic inflammatory response syndrome and 
compensatory anti-inflammatory response syndrome may 
contribute to lesser immune disarray bringing the patient to 
nearly normal immune homeostasis.? 

“Threshold modulation" theory explains cytokine system 
in a very dynamic and comprehensive manner. It suggests 
that the mediators of sepsis are extricated from body to alter 
tissue cytokine concentrations and the proinflammatory 
cascade is halted and.controlled when cytokines fall to a 
particular "threshold" level. "Mediator delivery" theory is 
the basis for high-volume hemofiltration (HVHF). Higher 
incoming fluid volumes (3-6 L/h) augments lymph flow 
by about 20-40 times producing "Drag" of mediators and 
cytokines with lymph circulation. This lymphatic pull drags 
cytokines from tissues to blood and hastens extracorporeal 
removal leading to fall in tissue levels.!* 

“The cytokinetic model” theory postulates that removal of 
sepsis mediators from blood provides a cytokine/chemokine 
concentration gradient from plasma to site of infection. This 
drives leukocyte traffic toward the nidus of infection. The 
bacterial clearance is increased along with cytokine clearance 
by this mechanism.'^ 


3| TECHNOLOGY REVIEW (FLOWCHART 2) — 


Various renal replacement therapies have been used as 
adjuvant therapies in the management of patients with 
sepsis and septic shock. The aim has been to clear "septic 
solutes” Renal replacement therapies like continuous renal 
replacement therapy (CRRT), HVHE and coupled plasma 


Extracorporeal blood purification therapy (EBT) 


Ultra-high 
volume 
hemofiltration 


Therapeutic plasma 
exchange 


High volume 
hemofiltration 


Coupled plasma 
filtration and 
adsorption 


Pulsed high 
volume 
hemofiltration 


Specific therapies 
PMX DHP, IMPACT 


PMX-DHP, polymyxin direct hemoperfusion. 
FLOWCHART 2: Extracorporeal therapies for sepsis 


filtration adsorption (CPFA) have been tried extensively with 
varied results. Elimination and neutralization of endotoxins 
have been tried using several therapies including ulinastatin, 
immunoglobulin-M enriched immunoglobulins, adsorber 
technology, plasmapheresis or CRRT. Presently, inhibition 
of endotoxin activity with the help of antagonistic synthetic 


. partial endotoxin structures has the strongest body of 


evidence. 


& CONTINUOUS RENAL 
ij REPLACEMENT THERAPY FOR SEPSIS 


The use of CRRT as a treatment option for sepsis has arisen 
not only because of its benefits in fluid and electrolyte 
management, but also from its ability to extricate many of 
the mediators of sepsis to certain extent. Hence, use of CRRT 
in septic patients may not only be supportive but rather 
therapeutic. Lack of specificity of removal of mediators 
and inhibitors of sepsis remain a major drawback. Some 
studies have shown beneficial clinical effects in spite of no 
changes in serum cytokine levels. It has been suggested 
that absolute mediator value measurements may be less 
helpful than local/tissue levels. However, conventional CRRT 
(conventional filters and flow rates) has yielded suboptimal 
results to be recommended as an adjuvant modality for 
routine management of patients with sepsis. 

Efficacy of simple diffusive transport with continuous 
venovenous hemodialysis or convection-based transport at 
low volumes, as in continuous venovenous hemofiltration 
in sepsis without acute renal failure has stil! not got required 
evidence. Hence, the focus shifted toward other therapies 
utilizing higher ultrafiltration rates and/or adsorption 
enabling a higher clearance of middle- and high-molecular 
weight mediators of sepsis. 


Į HEMOFILTRATION —— — 


Hemofiltration can bind and extract large amounts of 
circulating cytokines and it simultaneously helps in 


poc y epi uel 


s of 


— 


controlling volume and solute load. Higher doses have been 
tried with an aim of controlling inflammation. High-volume 
hemofiltration has been tried in dosage of an average of 
over 45 mL/kg/h delivered either continuously or in pulsed 
manner Clinical benefits shown with small trials were 
reduction in vasopressor requirement and reduced mortality 
rates." However, no direct effect of the technique could be 
shown on the circulating cytokine levels. Hence, the reason 
behind any benefit is uncertain, although reductions in 
apoptotic and anaphylactic mediators have been suggested. 
This therapy has inherent drawbacks including high 
cost, medication and nutrient losses, and the associated 
procedural risks. 


BPLASMAPHERESIS — — 


Plasma filtration has been long tried as a therapy to curtail 
inflammatory mediators. Plasma exchange separates plasma 
from whole blood and exchanges the plasma with normal 
saline, albumin orfresh frozen plasma. Plasma exchange thus 
could improve sepsis outcomes through removal of harmful 
substances or by replacement of depleted blood components. 
However, presently there is limited data but some suggestions 
of improvements, particularly in Gram negative sepsis have 
been observed. Technical modification-linking plasma 
filtration to devices allows adsorption of specific molecules. 
In coupled plasma filtration, the plasma is returned to the 
patient, hence avoiding the need for fluid replacement. 
Initial studies suggested CPFA can lower proinflammatory 
cytokines with a tendency toward improved hemodynamics 
and less-organ dysfunction. However, the current evidence 
is very limited and further studies are required.'® Presently, 
there is insufficient evidence about plasma exchange for 
patients with sepsis or septic shock. 


i EXTRACORPOREAL 
£ ADJUVANT THERAPIES (TABLE1) —— 


Toraymyxin 


Polymyxin B direct hemoperfusion (PMX B DHP) is not only 
endotoxin adsorption column, but also a hemoperfusion 
device-modulating sepsis cascade at multiple levels through 
different mechanisms. These varied mechanisms of action 
improve organ dysfunction, which may translate into survival 
benefit???! Toraymyxin filter is filled with polystyrene 
derivative fiber immobilized by PMX B. Polystyrene of the 
outer side and PMX B are covalently bonded through a 
chemical process. In addition, the surface ofthe fiber is porous. 
Polymyxin B, itself has a great affinity to bind endotoxins. 


Procedure 


This is the simplest hemopurification in which whole blood 
is perfused directly by the PMX column. A double-lumen 
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i ious extracorporeal 
TABLE 1 Comparison between vari p 
therapies 


low | Removes : Removes | Removes 
hemolysis | bilirubin ` cytokines i endotoxins 


| L.M.PA.CT System" i Yes ' Yes | Yes | Yes 

: Hemolife : | : 

|! MARS ‘No Yes No — |No 
|Baxter/Gambro į ; | E 

| Prometheus | Yes Yes No | No ; 
: Fresenius : : : : 
! CytoSorb™ | No | No | Yes No ; 
! Cytosorbents | : | 
| PMX © |No No | No | Yes | 
Toray/Spectral > | | | 


MARS, monitoring, analysis and response system; PMX, polymyxin. 


dialysis catheter is used for vascular access. The blood is 
directly perfused (DHP) at flow rate (Qb) of 80-120 mL/ 
min. Standard duration of perfusion is 2 hours. Heparin is 
generally used as an anticoagulant. 


I.M.P.A.C.T. System? 


TheL.M.P.A.C T. system’ device passes a portion of the plasma 
through the adsorption column. On an average, during a 4 
hour treatment, all of the patient's plasma will have passed 
twice through the exclusive heart-lung machine (HLM)- 
100 adsorption column for detoxification.? The patient's 
venous blood first passes through the cellular exclusion 
column (HLM-200) where plasma and any associated toxins 
are directed to an adsorption column (HLM-100) and the 
remaining blood components are returned to the patient. 
As there is minimal contact with the blood components, the 
chances of hemolysis are very low. The most important part 
of the LM.P. ACT system" is the HLM-100 plasma adsorption 
column, which has a surface area of approximately 
200,000 m?-and contains a proprietary blend of nonionic 
adsorbent materials specifically formulated to bind toxins 
and cytokines associated with liver failure, sepsis, and other 
disorders. 


Biospleen 


Biospleen is a novel device for sepsis therapy inspired by 
the functioning of spleen. Biospleen continuously removes 
pathogens and toxins from blood without first identifying the 
infectious agent. Blood flowing from an infected individual 
is mixed with magnetic nanobeads, which are coated with 
an engineered human opsonin [mannose-binding lectin 
(MBL)]. The MBL captures a broad range of pathogens and 
toxins without activating complement factors or coagulation. 
The magnetic nanobeads pull the opsonin-bound pathogens 
and toxins from the blood and the purified blood is then 
returned to the patient.” 


231 


232 


SECTION 4: Infectious Diseases 


E CYTOKINE-BINDING THERAPY 
Specific cartridges that absorb cytokines have also been 
studied extensively in management of sepsis. CytoSorb', 
which utilizes a synthetic polymer-based cytokine-absorbent 
system, is a representative of this class. This technology is 
based on very porous, biocompatible polymer beads, which 
may be helpful in eliminating several sepsis mediators 
like tumor necrosis factor-a, interleukin (IL)-6, and IL-1. 
CytoSorb’ cartridges have been shown to be effective in 
clearing cytokines with moderate clinical benefits. 


High Cut-off Membrane 


Higher molecular weight cut-off membranes have larger pore 
diameters of up to 10 nm. These may be useful in removing 
cytokines, due to their size. A few pilot studies showed better 
extraction of a few cytokines with better hemodynamic 
stability after therapy." However, given concerns about cost 
and higher loss of nutrients, medications, albumin, and other 
proteins, and more data of clinical benefits will be needed 
before moving toward its clinical application. 


Prismaflex eXeed™ System 


Prismaflex eXeed™ system has two filters and may be used for 
management of sepsis patients with acute kidney injury (AKI). 
SepteX™ and oXiris" are proprietary disposable sets used 
only in conjunction with the Prismaflex" system. Most of the 
sepsis mediators are large-molecular weight (approximately 
5-50 kDa) substances and are poorly removed by standard 
high-flux membranes of CRRT. SepteX" removes larger 
molecular weight substances through diffusion. SepteX" 
has specially designed membrane with pore sizes that allow 
for the removal of molecules in the inflammatory mediator 
range. The base membrane material is very similar to that 


- used in Prismaflex™ hemofiltration filter. 


On the other hand, the membrane comprising the filter 
in the oXiris" set is AN69, which removes endotoxin by 
adsorption and provides renal support by usual diffusive and 
convective therapies. The oXiris" membrane is additionally 
grafted with heparin making it hemocompatible.” 
Preheparinized membrane is a simpler and safer alternative 
to circuit heparinization. The oXiris" membrane is modified 
suiting patients in AKI and sepsis as it combines cytokine 
and endotoxin adsorption together with low a thrombogenic 
CRRT membrane. 


Alteco' Lipopolysaccharide Adsorber 
Alteco* LPS adsorber has a synthetic peptide, which is 


tailored to selectively bind endotoxins. It has high affinity to 


the lipid A moiety of the endotoxin because of hydrophobic 
and ionic interactions, which ensures efficient reduction of 
endotoxins.?* 


MATISSE -Fresenius System 


MATISSE-Fresenius system is based on the endotoxin. 
binding abilities of human albumin. MATISSE adsorber 
contains human serum albumin immobilized on poly. 
methacrylate beads.” 


£ CELL-BASED THERAPIES &— 


Extracorporeal techniques have been modified to expose 
circulating blood to cells outside the body in order to add 
antimicrobial or inflammatory-modulating properties, 
One experimental technique separates patient plasma and 
then passes it through a cartridge of donor granulocytes 
for extricating sepsis mediators. Animal studies and small 
human studies have suggested significant benefits.” 


B PROCEDURAL ASPECTS — — 


Extracorporeal filters are used on dialysis machine. The 
blood from patient flows through the cartridge, which 
removes the sepsis mediators. Various anticoagulants like 
heparin in a dose of 3,000 U bolus followed by an infusion 
of 20 U/kg/h may be used. Blood flow rate of 100 (80-120) 
mL/min is required for PMX-DHP. Continuous renal 
replacement therapy machine or hemodialysis machine 
may be used for this therapy. Duration and frequency of 
therapy vary between products. Platelet count, prothrombin 
time/activated partial thromboplastin time and activated 
clotting time need to be monitored. 


CONTRAINDICATIONS AND 
j CAUTIONS 


Known hypersensitivity or allergy to PMX B, or chemicals 
associated in the therapy. Conditions where the use of 
heparin would cause a tendency to uncontrolled hemorrhage 
or in patients in whom adequate anticoagulant therapy 
cannot be safely achieved, like in cases of hemophilia, etc. 
is also contraindication. Platelets «30,000 cells/mm? remain 
a relative contraindication for most extracorporeal systems. 
Futility of care should also be considered before offering such 
therapy, as there are associated complications and financial 
implications. Pharmacoeconomics remains a major-deciding 
factor for using these therapies. 


8 EVIDENCE 


e 


Adjuvant therapies are promising showing clinical plausi- 
bility. However, in this era of evidence-based medicine, 
they pose a difficult challenge of proving significant 
survival benefit. Mainly single-center or small studies show 
therapeutic benefit on outcome and these positive results are 
often contradicted by large multicenter trials. Nevertheless, 
from a pathophysiological point of view, most of these 
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therapeutic modalities have a firm rationale. Extracorporeal 
therapies for sepsis limited with limited evidence." 

A limited body of clinical evidence suggests that 
neutralization or removal of bacterial LPS endotoxin would 
be a successful adjunctive approach in the treatment of 
Gram-negative sepsis. A recent systematic review has 
indicated some evidence for the efficacy of this approach, 
although randomized controlled trials are few. An approach 
using PMX bound to a solid-phase carrier for specific heme- 
adsorption in patients with sepsis has been shown to retain 
the LPS-binding properties of the compound, but minimizes 
systemic toxic effects. More prospective multicenter data in 
large-patient populations are needed to confirm or negate 
the benefits of endotoxin removal in human sepsis. A 
number of synthetic anti-LPS peptides have shown in vivo 
data indicating beneficial effects on cytokine release and 
survival. 

Polymyxin, PMX B immobilized fiber device has been 
used safely in the clinical settings in Japan since 1994 for 
the treatment of severe sepsis and septic shock. Over the 
last decade, its clinical application is expanding outside of 
Japan, mainly in Europe and some Asian countries such as 
India, Taiwan, and Korea. Survival benefit has been reported 
by the meta-analysis and some controlled studies.” Also, the 
improvement of organ dysfunction such as hemodynamic 
abnormalities has been reported in the clinical studies. 

One of the most comprehensive analyses till date of 


‘overall clinical experience with this device remains a meta- 


analysis of 28 studies between 1998 and 2006 conducted 
by Cruz et al.” This showed that PMX hemoperfusion was 
associated with improved blood pressure and a reduction 
in dopamine dose, better partial arterial pressure of oxygen 
(PaO,)/fraction of inspired oxygen (FiO,) ratio and reduced 
mortality. The same group conducted a prospective 
multicenter randomized controlled trial in patients with 
severe sepsis or septic shock who required emergency 
surgery due to intra-abdominal infection in 10 Italian 
tertiary care intensive care units. A total of 64 patients 
were enrolled and randomized to the conventional therapy 
group in accordance with the Surviving Sepsis Campaign 
guideline (n = 30) and the PMX group, which was treated 
with both the conventional therapy and PMX (n = 34). 

As a result, mean arterial pressure increased and vaso- 
pressor requirement decreased at 72 hours in the PMX 
group, but not in the conventional therapy group. The PaO,/ 
FiO, ratio increased slightly in the PMX group. Sequential 
organ failure assessment (SOFA) scores improved in the 
PMX group, but not in the conventional group, and 28- 
day mortality was 32% in the PMX group and 53% in the 
conventional group (adjusted hazard ratio, 0.36, 95% 
confidence interval 0.16-0.80). Evaluating Use of PMX B 
Hemoperfusion in a Randomized Controlled Trial of Adults 
Treated for Endotoxemia and Septic Shock (EUPHRATES) 
study results are expected by 2017. 


i PATIENT SELECTION 


Adjunctive therapies are generally used for patients with 
profound septic shock, as indicated by need for high- 
vasopressor support and at least two organs dysfunction. 
Patient selection for initiating adjuvant therapies is still 
largely based on the physician's "gut feeling" rather than 


- objective parameters and biomarker guidance. 


Dynamic procalcitonin (PCT) levels, endotoxin activity 
assay, and cytokine panels can be used to guide therapy in 
such patients. However, experience with these markers in 
regards to initiating adjuvant therapies is limited. Multimodal 
and individualized approach may help us to tailor these 
therapies better. The “multimodal” approach means that 
several clinical and biochemical parameters are taken into 
account simultaneously, while "individualized" refers to 
the interpretation of changes/kinetics of certain parameters 
such as PCT, rather taking only "fixed" absolute values into 
account. Targeting endotoxin early in the sepsis clinical 
presentation could help reverse or limit this disease before 
the cascade reaction becomes overwhelming.? The various 
criteria which may be used for patient selection for initiation 


of adjuvant therapies are given in box 1. 


R INITIATING THERAPY — 


Various interventions may be applied at successive points 


in the cascade, such as antibiotics, therapy directed against . 


endotoxins, extracorporeal techniques to ameliorate the 
levels of proinflammatory mediators, immunomodulating 
drugs, and at the far end of the cascade, individual organ 
support. Organ function is a time-dependent function 
requiring timely interventions in judiciously selected 
patients. Therapy offered very late in morbidly ill patients 
with refractory shock often proves futile. 


B EXPECTATIONS _ 


It is understood that sepsis care is comprehensive. Immune 
homeostasis is the primary aim of such therapies. This should 
further translate into improved microcirculation. Improved 


Box 1: Variables for patient Selection for adjuvant therapy 


Severity of sepsis- Utilize objective and subjective criteria 

e Sepsis induced organ failure - SOFA score 

e Biomarkers - EAA, Cytokine panel, PCT 

e Kinetics of biomarkers 

* Physiological parameters - perfusion, hemodynamics and 
oxygenation 

* APACHE II 


High risk of death - Any of the following: 
© Refractory shock * 

© Sepsis induced ARDS 

No absolute contraindications 

Futility of therapy 
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microcirculation should gradually show up as stable 
hemodynamics. Oxygenation indices may also gradually 
improve. The ultimate measurable effect is a lesser Multiple 
Organ Dysfunction (MODS) Score. All adjuvant therapies 
have the ultimate target of survival benefit. The therapies are 
no magic bullets and will not work as stand-alone therapies. 
Judicious selection is required after optimal supportive and 
standardized care. 


Y FUTURE DIRECTIONS — 


Development of medical evidence remains biggest challenge 
for the therapy. Pharmacoeconomics also need to be 
favorable from patient's perspective. Clinicians require a 
timeline for intervention with this therapy. Clinical criteria 
should be drafted for easier selection of patients. Clinicians 
need to look beyond the traditional endpoints of survival 
benefit with therapies used in critically ill moribund 
patients. Theranostics methodology should be applied for 
research and clinical practice where biomarker-guided 
interventions are done. Collaborative projects with other 
therapies for sepsis need to be initiated. We need to work 
on development of an attractive add-on therapy with 
CRRT/dialysis, extracorporeal membrane oxygenation, and 
cardiopulmonary bypass. Different ECTs have a common 
physiological basis but are intricately different. We need to 
have a better understanding about utility of each therapy. We 
need to find and optimize the best blood purification strategy 
for treatment of sepsis. A precise understanding of how these 
therapies work by modulating the cytotoxic and cytokinetic 
effects of inflammatory mediators is essential. 


E CONCLUSION 


Pathophysiology ofsepsisis very complexand stillincompletely 
understood. Several ECTs have shown experimental and 
clinical utility. Extracorporeal blood purification techniques 
such as (pulse) high-volume hemofiltration and other high- 
efficiency techniques have a strong biological treatment 
rationale, but presently have insufficient clinical evidence. 
Lipopolysaccharides adsorption have shown efficacy on 
vasopressor dependency, hemodynamics and survival. 
Management of patients with sepsis and septic shock 
should be comprehensive. Clinicians need to analyze failures 
and embrace adjuvant modalities in patients at high risk of 
death. We need to know the options and utilize them at the 
right time and in the right patient. Multidisciplinary sepsis 
management remains pivotal. The emergence of ECTs offers 
new opportunities for sepsis management. Identifying the 
ideal patient and intervening early is the key to optimal results. 
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Optimum Dose of 
Colistin in Intensive Care Unit 


Abhinav Gupta, Mohit Kharbanda 


f INTRODUCTION = 
Infections with multidrug-resistant bacteria, including 
Pseudomonas, Klebsiella, Acinetobacter and Escherichia coli 
are becoming increasingly common. This becomes even 
more frequent in hospital-acquired infections especially 
in patients with immunosuppression and intensive care 
unit (ICU) patients. Colistin is the mainstay of treating such 
patients. As there are no new antibiotics in the pipeline to 
treat carbapenem-resistant Gram-negative organisms, it 
becomes imperative that we utilize colistin in the optimum 
way and optimum dosage in order to get the best results 
and to prevent resistance. Polymyxins, as a group, were 
discovered in 1947 while colistin was first reported in 1950. 
Itfell into disrepute and the usage was discontinued in 1970s 
mainly owing to nephrotoxicity. Because of the desperate 
situation now it has been revived. As it was discovered 
and approved in 1950s, it did not undergo the stringent 
preapproval studies, which a drug has to undergo today. Its 
proper dosage, pharmacokinetics (PK), pharmacodynamics 
(PD) and toxicity were not clear. Another issue is the 
presence of heteroresistance in the bacteria, which may lead 
to development of resistance to colistin during treatment. 
Various combinations of antibiotics are being tried to 
overcome this problem. We present a review of literature 
about the available evidence to optimize the usage of colistin. 


E COLISTIN PHARMACOLOGY — ..—— 
There are five types of polymyxin (A to E) but only two types 
are used clinically: polymyxin B and E (colistin). Two different 
forms of colistin are available commercially: 

l. Colistin sulfate 

2. Colistin methanesulfonate sodium (CMS). 

Colistin methanesulfonate sodium has been found 
i0 be less toxic when given parenterally as compared 
to colistin sulfate. That is why colistin sulfate is used in 
topical preparation, while CMS is used in intravenous (IV) 


preparations. Bergen et al. in 2006 showed that CMS is just 
a prodrug for colistin and does not have significant intrinsic 
antimicrobial activity. Another problem is that various 
pharmaceutical companies label the contents differently 


„some as colistin activity and others as international units (IU) 


of CMS. The clinician has to be clear about dose in mg or IU of 
CMS and that of colistin base.” 
» One mg of CMS = 0.375 mg of colistin base activity 
(CBA)- 12,500 IU of colistin 
e Onemgofcolistin base activity - 2.6 mg of CMS —32,500 IU 
of colistin. 
Following parenteral administration, CMS aee 
hydrolysis in vivo to form a complex mixture of colistin and 
partially sulfomethylated derivatives? 


i COLISTIN PHARMACOKINETICS/ 
D uA. ae 


After infusion, CMS hydrolyzes into 13 different viduis 
of which, colistin A and B are major products. This makes 
it very difficult to accurately measure the CMS and colistin 
levels in biological samples? The PK dispositions of CMS is 
quite complex. CMS is cleared renally but colistin is cleared 
nonrenally by undefined mechanisms. In patients with 
unimpaired renal function as CMS is cleared very fast, it 
raises a question to the surety of achieving the target levels. In 
patients who require renal replacement therapy, CMS dosing 
remains a challenge. In a population PKs study by Garonzik 
etal., a dose of 112-260 (median 192) mg of CBA per day was 
required to achieve a target serum concentration of colistin 
of 1 mg/L. Colistin has been reported to have 59-74% or as 
high as 80-90% protein binding (26-41% unbound fraction) 
in a study of nonburned critically ill patients." After infusion, 
the volumes of distribution of polymyxin B, colistin and CMS 
are 0.4 L/kg, 0.17 L/kg and 0.19 L/kg, which are quite low. All 
polymyxins tend to accumulate in kidneys, which contribute 
to renal toxicity.5? Although only 5% of CMS crosses over 
into cerebrospinal fluid (CSF) after IV dosing, higher levels 
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have been achieved by intraventricular administration. In a 
Greek study by Plachouras et al., 19 patients were studied for 
postantibiotic effect (PAE). Mean PAEs of 3.90 and 4.48 hour 
were found for 1 x minimum inhibitory concentration (MIC) 
and 4 x MIC concentrations of colistin.!° Absorption from oral 
mucosa or gastrointestinal tract does not occur. It has shown 
persistent level in the liver, kidney, heart and muscle while 
it is poorly distributed to the bones, CSE lung parenchyma 
and pleural cavity. Neither CMS nor colistin has shown any 
significant drug interaction. PK and PD parameters, such as 
C,,4,/ MIC ratio, area under the curve (AUC)/MIC and Time 
above MIC that could predict the efficacy of colistin, are not 
clearly defined! Bergen et al. showed that AUC:MIC ratio of 
total and unbound colistin is the best parameter to predict 
antibacterial activity? Target AUC:MIC values for colistin 
against Acinetobacter baumannii established in mouse thigh 
and lung models ranged from 17 to 95.’ In a population 
PK study of 105 patients, Grazonic et al. proposed dosing 
equations to reach target colistin levels. They postulated that 
an AUC of60 mg h/Lcorrespondingto an MIC of2.5 mg/L may 
be achieved by their dosing regimens, which may be sufficient 
totreataninfection due to A. baumanniiwith an MIClessthan 
1 ug/mL.^!! This dosage may not be sufficient for an infection 
with an MIC moye than 1 mg/mL, but increasing the dosage 
more than this might create tolerability and toxicity issues. 
The susceptibility breakpoint for A. baumannii to colistin 
or polymyxin B is 2 pg/mL, as established by the Clinical 
Laboratory Standards Institute (CLSI). The standard error 
of the test allows for MIC variance of one doubling dilution. 
Therefore, a reported MIC of 1 pg/mL may actually be 
anywhere between 0.5 pg/mL and 2 pg/mL. In a population 
PK study done by Plachouras et al. 18 patients were given a 
dose of 3 million IU (MIU) 8 hourly. The predicted maximum 
plasma concentrations were 0.6 mg/L and 2.3 mg/L. The 
half-life of colistin was determined to be 14.4 hours. Based 
on this model, they predicted that given a standard dose of 
3 MIU 8 hourly it would take 2-3 days to reach steady state 
concentrations. They recommended that a loading dose of 
9-12 MIU followed by 4.5 MIU 12 hourly would reach the 
same average steady state concentrations but would reach 
the target faster? 

In a study by Daikos et al., PKs of three different doses of 
CMS were studied against Pseudomonas aeruginosa with an 
MIC of 1 ug/mL, i.e. 3 MIU 8 hourly, 4.5 MIU 12 hourly and 9 
MIU 24 hourly. The C,,,, was found to be 3.34, 2.98 and 5.63 
g/mL, respectively. Complete eradication of Pseudomonas 
was found in samples having a C, of more than 4 pg/mL. 
While those samples which had an MIC less than 4 pg/mL 
could demonstrate only 40% killing.? 

Karnik et al. did a PK study where in they studied 15 
patients with proven MDR Acinetobacter and Pseudomonas. 
Patients with normal renal function or creatinine clearance 
of 20-50 mL/min were given a CMS dose of 2 MIU 8 hourly. 
Those with a creatinine clearance 10-20 mL/min were given a 


236 dose of2 MIU 12 hourly. As per their measurements, the C,,,./ 


MIC ratio for Acinetobacter was 13.4 after first dose and 26.3 
(0.9-64.9) at steady state while that for Pseudomonas was 3.18 
(1.6-23.1) and 3.82 (2.3-10.9) at steady-state, respectively, 
This demonstrated that an optimum value of C,,,,/MIC ratio 
of more than 8 was achieved against Acinetobacter but not 
against Pseudomonas.'”8 

Pharmacokinetics were studied for 13 patients with 
ventilator-associated pneumonia. All patients had normal 
renal function. All were given CMS 2 MIU 8 hourly. The 
serum levels and BAL levels were measured after 2 days of 
therapy. They found the serum levels to be suboptimal. 
Very importantly colistin was totally undetectable in BAL 
samples." 


5 INHALED THERAPY 


Despite questionable clinical efficacy of inhaled colistin, the 
toxicity reported in both prospective and retrospective studies 
is rather minimal. A 2007 Food and Drug Administration 
(FDA) MedWatch alert reported one patient death following 
administration of inhaled colistin that had been premixed 
by the pharmacy prior to nebulization. The alert concluded 
that premixing and storing the product in aqueous solution 
more than 24 hours leads to a greater rate of conversion of 
CMS to colistin, and may resultin toxicity to lung tissue. Thus, 
in MDR A. baumannii pulmonary infections, this therapy 
may be considered an adjunctive treatment to IV antibiotic 
therapy. Various studies have evaluated doses of 1.5-4 MU 
CMS given in 1-3 divided doses.'® 

Ratjen et al. evaluated the colistin PKs postinhalation in 
patients with cystic fibrosis. This study finds that a single 
dose of CMS (2 MIU) achieved significant higher drug 
concentration in the sputum even after 12-hour with low 
level in serum and urine. In a study done by Lu et al. where 
pneumonia caused by P aeruginosa in piglets and CMS 
was administered either by nebulization every 12 hours ot 
IV every 8 hours, lung tissue concentration of colistin was 
measured.” Colistin was found undetectable in the lung 
tissue after IV infusion, while after nebulization, peak lung 
tissue concentrations were significantly higher in the lung 
segments (higher in mild pneumonia segments and lower in 
severe pneumonia area, median 10.0 versus 1.2 pg/g). 

Asperdrug package insert information, therecommended 
doses of colistin when given by inhalation are as below:”® 
* Body weight less than 40 kg: 0.5 MIU (40 mg) of CMS 

every 12 hours 
è Body weight more than 40 kg: 1.0 MIU (80 mg) of CMS 

every 12 hours 
e For recurrent or severe pulmonary infection: 2.0 MIU 

(160 mg) of CMS every 8 hours. 

Optimal inhalation therapy also requires consideration 
of several factors like position of patient, the type of 
nebulizer, severity of airway obstruction, aerosol particle 
size, etc. In a mechanically ventilated patient, there are 
factors more than this, i.e. artificial airway size, humidity, 
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gas density, tidal volume, nebulization cycling during 
inspiration versus continuous, etc. which may affect drug 
delivery at the target site. 


: DOSING 


Various studies have shown that, if a dose regimen of CMS 3 
MIU every 8 hourly is used, it will take 12-48 hours to reach a 
colistin concentration of 2 mg/L, which is the MIC breakpoint 
for A. baumannii as suggested by EUCAST. The breakpoint, 
which has been recommended for Pseudomonas is even 
higher at 4 mg/L. It is likely that a low initial concentration 
would be suboptimal in killing the bacteria, especially in 
critically ill patients, where an immediate effect is important. 
Subtherapeutic concentrations may also favor resistance 
development.'? This makes the case for giving a loading dose 
even stronger. 

The formation of colistin from CMS and its increase to 
the steady-state MICs are relatively slow following CMS 
administration. It is also of importance to consider the 
protein binding since it is only the unbound fraction (f,) of 
the antibiotic that exerts antibacterial activity.'? 

In a study conducted in Greece by Mohamed et al., a 
loading dose of 480 (6 MIU) mg followed by 80-240 mg 
(1-3 MIU) 8 hourly was given to 10 patients. As per their 


. model increasing the dose from 3 MIU to 6 MIU was predicted 


to decrease the time to 3 log unit kill from 20 to 8.5 hours. An 
even shorter time was predicted for a loading dose of 9 MIU. 
This again highlighted the role of givinga loading dose. A faster 
kill will likely result in faster resolution of infection. Extending 
the dosing interval to 12 hours seems to have a limited 
impact on the bacterial kill. Dosing interval longer than this 
leads to higher regrowth. In the absence of compelling data 
demonstrating which definition of body weight to use, it is 
judicious to use ideal body weight at this time. 


Dose Adjustment in Renal Dysfunction 


As discussed in PK/PD, CMS is largely cleared through the 
kidneys. That is why it requires dose adjustment for renal 
dysfunction. Based on PK data published by Garonzik et al." 
the initial dose of CMS should be similar loading, even 
for patients with renal impairment. To account for renal 
dysfunction, the maintenance dose has to be decreased 
or the dosing interval has to be increased. For renal 
replacement therapy (RRT)-dependent patients, colistin 
dose is targeted to reach a serum colistin concentration of 
1 mg/L. Among patients dependent upon continuous renal 
replacement therapy (CRRT), a regimen of 200 mg of CBA 
(6 MU CMS), divided quaterly 8 hours, is supported by the 
Breatest amount of data (in a total of nine patients). For 
intermittent hemodialysis (IHD), the doses suggested are 
much lower, ranging from 30 mg to 70 mg of CBA (0.9-2.0 MU 
CMS) daily. In patients with residual function, the clearance 
of CMS is greater particularly on nondialysis days. This leads 


to variation in dosing in patients on IHD. This warrants use 

of a supplemental dose: 30-50% of the daily maintenance 

dose, following hemodialysis. Dosing equations published 

by Garonzik et al.!! utilize residual renal function as a factor 

to determine total daily dose. PK analysis of patients with no 

residual function predicts a total daily dose requirement of 

0.9 MU CMS on nondialysis days and 1.5 MU on dialysis days. 

Despite scarcity of studies of PK/PD of colistin in patients 

with renal failure, recent recommended doses are:? 

e Serum creatinine level 1.3-1.5 mg/dL: 2 MIU (160 mg) of 
CMS every 8 hours 

e Serum creatinine level 1.6-2.5 mg/dL: 2 MIU (160 mg) of 
CMS every 12 hours 

e Serum creatinine level more than or equal to 2.6 mg/dL: 
2 MIU (160 mg) of CMS every 24 hours 


Patient on Renal Replacement Therapy 


e Two MIU (160 mg) of CMS after each hemodialysis 
e Two MIU (160 mg) of CMS daily during peritoneal 
dialysis. 

There is no clarity about the exact dose for patients 
on continuous venovenous hemofiltration or continuous 
venovenous hemodiafiltration. Karvanen et al. studied the 
PKs of five critically ill patients on CRRT and concluded that 
a dose of 160 mg (2 MIU) 8 hourly may be inadequate. Some 
other studies have suggested that an even higher dose may 
be required.2°7! d Aaa == > 


H CONCLUSION —. 


As colistin is now our last line of defense, the drug has to be 
used optimally to preserve effectiveness. Based upon PK/ 
PD information, dosing strategies, including loading doses, 
should be implemented as a means to maximize colistin 
exposure without delay. The selection of an agent to use in 
combination with either colistin or polymyxin B has to be 
individualized-as studies have not shown one combination 
to be superior to other. The clinical decision should include 
an assessment of the site of infection, susceptibility of the 
isolate, drug-drug interactions and adverse effects. 
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CHAPTER ` 


Early and Empiric Antibiotics in Sepsis: 
Current Controversy 


Rajan Barokar, Devawrat R Buche 


# INTRODUCTION — 


Sepsis is defined as “life-threatening organ dysfunction 
caused by a dysregulated host response to infection”! 
The guidelines for management of sepsis by Surviving 
Sepsis Campaign (2012) stated that the administration of 
effective intravenous antimicrobials within the first hour 
of recognition of septic shock and severe sepsis without 
septic shock should be the goal of therapy.? Even the 2015 
surviving sepsis care bundle advocates administration of 
broad-spectrum antibiotic within3 hours of patient contact. 
Given the high incidence of emergency department (ED) 
patients with uncomplicated sepsis who have a substantial 
chance to progress to severe sepsis? and the financial 
burden associated with severe sepsis, it would be important 
to explore the rationale behind the early and empirical 
antibiotic therapy. . 


j RATIONALE FOR EARLY 
ij EMPIRIC ANTIBIOTIC THERAPY 


The association between time to antibiotics and relevant 

clinical outcomes has been studied, especially in patients 

with severe sepsis and septic shock admitted to the intensive 

care unit (ICU). In four large retrospective studies with overall 

mortality ranging from 30 to 47%, delayed administration of 

antibiotics was associated with increased mortality.*7 

1. In a retrospective study conducted by Kumar et al in 
2,731 septic shock patients, a significant association 
between delay in effective antibiotic therapy and 
inhospital mortality after the onset of hypotension 
(p <0.0001) was noted. A 7.6% decrease in survival for 
each hour of delay ofthe antibiotic therapy was noted for 
the first6 hours after the onset of shock. In this study, only 
5096 of the patients received effective antibiotic therapy 
within the first 6 hours. 

2. Inasingle-center cohort trial by Gaieski et al.5261 patients 
with severe sepsis who underwent early goal-directed 


therapy (EGDT) time to appropriate antibiotic therapy 
was significantly associated with reduced mortality. 

3. Ina retrospective study by Ferrer et al.,” 17,990 patients 
with severe sepsis and septic shock an hourly increase 
in mortality with delay in antibiotic administration 
following recognition of severe sepsis was noted. 

4. Garnacho-Montero et al? reported a prospective 
observational study of 928 patients admitted to ICU with 
severe sepsis or septic shock (6896 with microbiological 
identification). They reported that the administration of 
appropriate and early empirical antimicrobial therapy 
was associated with a decreased mortality. Progression 
to septic shock in patients with severe sepsis was also 
associated with inadequate antimicrobial therapy prior 
to ICU admission. 


@ CONTROVERSIES 


Several studies have suggested that early administration 
of antibiotics in septic patients reduces mortality, hospital 
lengths of stay (LOS), and hospital cost?-!? However, these 
studies were retrospectively conducted and have multiple 
limitations like variability in the time to antibiotic and quality 
of initial resuscitation. Patients who are more sick may have 
received antibiotics early but probably have a higher early 
mortality, thereby spuriously lowering LOS. The numbers 
of prospective studies investigating the association between 
time to antibiotics and outcomes in earlier sepsis stages 
are very few. Some recent literature suggests that providing 
early empirical antibiotic therapy may not be effective in 
the progression of sepsis and may even contribute to more 
emergence of resistance and complications. 

Puskarich et al. presented results of a multicenter 
controlled trial in ED (three centers) of 291 patients with 
septic shock [Emergency Medicine Shock Research Network 
(EMSHOCK NET)]. The strength of this study is that they 
prospectively studied the timing of antibiotic administration 
to ED patients with septic shock. All patients received a 
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standardized, prescribed early recognition and resuscitation 

protocol, removing much of the variability in both patient 

population and early treatment present in other studies. In 

this study of excellent control for quality of hemodynamic 

resuscitation and a relatively low mortality of 19%, time to 

antibiotics was not found to be associated with mortality 

in septic shock patients, suggesting that hemodynamic 

resuscitation was more important than early administration 

of antibiotics. In this study, only administration of antibiotics 

before the onset of shock was associated with improved 

outcome. This study had several weaknesses as mentioned 

below: 

e The results may not be generalizable to hospitals without 
sepsis protocols 

e The vast majority of patients received antibiotics within 
3 hours and the relatively small numbers of patients in 
subsequent time points led to wide confidence interval to 
draw any definitive conclusion 

e Although the investigators did not observe significant 
associations in the study, it is possible that a larger study 
would be able to detect a difference 

e Mortality rate was lower than reports in other septic 
shock populations 


© It was impossible in most cases to identify the exact time 


of onset of septic shock and thus the timing of antibiotics 

in relation to onset of shock can often not be ascertained. 

This is an inherent limitation to the nature of sepsis 

research 
e Given the design of the study, the irivestigatérs were only 

able to draw conclusions regarding associations and not 
causation. 

De Groot et al. presented a prospective multicenter study 
conducted in three Dutch EDs which evaluated 1,168 patients 
with sepsis (stratified into mild, moderate, and severe; overall 
mortality of 10%) in those receiving antibiotics within 6 hours 
they reported that a reduction in time to antibiotics was not 
found to be associated with an improvement in relevant 
clinical outcomes (28 mortality or LOS). 

Sterling et al. conducted a systematic review and meta- 
analysis of 11 publications (16,178 patients) looking at the 
association between timing of antibiotic administration 
and mortality in severe sepsis and septic shock. They also 
performed sensitivity analysis ofthe effect of timeto antibiotics 
from severe sepsis or shock recognition in hourly increments. 
They excluded neutropenic and immunosuppressed 
patients, The primary outcome was mortality. They did not 
find statistically significant increase in the pooled odds ratio 
for mortality for each hourly incremental delay in antibiotic 
administration. 

Apart from the controversy regarding broad-spectrum 
antibiotic cover, confounding factors impeding early 
antibiotic therapy should also be considered. Some of these 
factors may be: 

e Presentation level factors: 
o Atypical presentation leading to delayed diagnosis 


o Evolution of clinical symptoms and symptoms 
o Ability to recognize clinical features 
o Requirement for further diagnostic testing 
e Patient level factors: 
o Age and comorbid conditions that predispose 
patients to having atypical presentations 
o History of drug reactions 
o Difficult intravenous access 
e System level factors: 
o Emergency department crowding 
o Inadequate staffing 
o Delays in diagnostic testing 
o Patient transfer. 


KCONCLUSION 


It is important to understand that, this controversy 
challenging the rationale behind early and empirical therapy 
is not denying the fact that early therapy is not important in 
severe sepsis and septic shock, but instead it is challenging 
the arbitrary, nonevidence based time to antibiotic 
administration of 3 hours (triage) or 1 hour (severe sepsis 
or shock) as a metric for quality of care. However, despite 
these current controversies, administering early empirical 
antibiotics is advocated by all the major guidelines for 
established or suspected sepsis. Not only this is the current 
good clinical practice but also medicolegally justified. Unless 
robust clinical trials and evidences emerge which prove 


higher risks associated with empiricai antibiotic therapy, © 


providing this modality should be practiced by all the 
healthcare providers. 
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Fever Control in Intensive Care Unit: 
Is It Helpful? 


Prashant Nasa 


E INTRODUCTION _ 


Fever is a ubiquitous manifestation among patients in 
intensive care units (ICU), considered commonly as a sign 
of infection, but can present as an altered host response 
without infection.!? Fever has been shown to be associated 
with increased mortality among patients admitted to 
ICUs, hence requires attention.?? Despite fever being 
known as a cardinal sign of infection for about 120 years, 
the pathophysiology of its initiation and mechanism 
of fever is not fully understood. Management of fever 
and the association- between antipyretic measures and 
clinical outcomes is also unclear. Definition of fever, its 
pathophysiology, and current evidence on the utility of 
treating fever in ICU are discussed in this chapter. 


DEFINITION OF FEVER 
AND ITS MEASUREMENT 
The normal body temperature is traditionally taken as 
37.0°C (98.6°F) with circadian variation of 0.5-1.0*C.99 In 
critically ill patient, the body temperature is affected by 
many factors like disruption of normal circadian rhythm, 
need of extracorporeal support or renal replacement therapy, 
existing acute or chronic organ dysfunctions (like congestive 
heart failure, chronic liver disease), central or autonomic 
disturbances, drugs, the ICU ambient environment, and 
artifacts of measurement" It is, thus, often difficult to 
determine whether measured abnormal temperature is a 
reflection of a true pathophysiologic process, or a result 
of various environmental interactions? The definition 
of fever also needs special mention here. The literature 
has reported different definitions of fever in ICU from 
single core temperature above 38.0°C to two consecutive 
elevations above 38.3°C or persistent elevation above 38.3°C 
for »1 hour" The definition of fever is important because 
temperature that defines fever if taken lower will increase its 


sensitivity but decrease specificity for identifying infection. 
The Infectious Diseases Society of America and Society of 
Critical Care Medicine have given a consensus definition of 
fever as a core body temperature above 38.3°C (>101°F) in 
nonimmunocompromised ICU patients.’ The author have 
used this definition in this review because of its wider accept- 
ability. It is, however, reasonable to use a lower temperature 
in immunocompromised patients to define fever. 

The technique of consistent and accurate measurement 
of core body temperature is equally imperative, and 
temperature measured through thermistor in pulmonary 
artery catheter is considered as standard for-comparison 
of other devices."? The other less invasive methods are 
thermistor in indwelling bladder catheter, esophageal 
probe in posterior nasopharynx and lower one-third of 
esophagus which provide slightly lower temperature, and 
rectal probes which provide little higher temperature.”® 
These devices have been validated for patients in ICU and 
are considered acceptable alternatives to pulmonary artery 
catheter, especially for monitoring trends of fever. The less 
accurate alternative is tympanic membrane using infrared 
ear thermometry.’ The oral and the axillary sites are 
unreliable and should be avoided in ICU.’ 


jj PATHOPHYSIOLOGY OF FEVER 


The homeostasis mechanism to regulate core body 
temperature in humans is known as thermoregulation.’ 
This thermoregulation tightly regulates a thermal “set 
point” with its control area in the preoptic region of the 
hypothalamus which integrates with other areas in brain, 
spinal cord, and peripheral receptors in skin, and other core 
areas in a negative feedback loop. The pathophysiological 
disturbances of thermoregulation can result in abnormally 
elevated body temperature.’ The abnorinal elevated body 
temperature can be broadly divided into hyperthermia and 
hyperpyrexia or fever. 
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; TABLE 1 Noninfectious causes of fever in intensive care unit 


Inflammatory conditions 


Drugs related Therapy or intervention related 


without infection 


| Acute respiratory distress | Antimicrobials (e.g. B-lactam drugs | Cytotoxic agents (mainly monoclonal : Acute coronary 


~ 


wW e e eh e 


| syndrome ' antibodies, granulocyte, and/or monocyte : | syndrome (initial few 

' stimulating factor) _ days) 

| Aspiration pneumonitis | Antieplleptics (mainly phenytoin) ] Jarisch-Herxheimer reaction | | Cerebrovascular | 

i j| L | accident | 

“calculus cholecystitis ; Antiarrhythmics (mainly quinidine and | | Postoperative fever up to 48 h Gastrointestinal 
_Procainamide) i i bleeding 


| Gout/pseudogout 


_ Antihistamines u T Tumor lysis syndrome | Intestinal/limb ischemia , 
| Head injury | Anti Parkinson drugs _ | HM. | Transfusion of f blood a and blood products | Thromboembolism E 
i | Malignancy E 73 | Antifiypenensives mainly l : jl - | DE | Transplant rejection l 
| | methyldopa, hydralazine | 
DN | Antimalarials UL cv i a ur 7 ak eae EE. 


E eme 


l | Phlebitis/thrombophlebitis | | | Butyrophenones (mainly haloperidol) | 


, ! Postmyocardial infarction — | lodides 
i (Dresslers’ syndrome) | 


| Pulmonary infarction TT and H2 blockers 


| Seizure disorder i ! Phenothiazines | - - | 
| Traumatic brain injury | Thyroxine |- | E 
Hyperthermia TABLE.2. Infectious causes of fever in intensive care unit 


-Hyperthermia -is - a pathophysiologic state characterized 


by imbalance in heat production and/or heat dissipation 
without disturbance in hypothalamic set point. It is caused 
by various infectious and noninfectious causes and include 
environmental toxins, heatstroke, neuroleptic malignant 
syndrome, malignant hyperthermia, pontine hemorrhages, 
and endocrine emergencies (severe thyrotoxicosis, pheo- 


chromocytoma, and adrenal crisis). This disorder need | Chest -|© Infective endocarditis 
separate approach and will not be discussed further in the * Tracheobronchitis | 
review. e Healthcare/ventilator-associated pneumonia | 
|. | e Empyema 
Fever : Abdomenand — | * intra-abdominal infections (e.g., 
spontaneous bacterial peritonitis, abscesses) 


Fever or hyperpyrexia, however, is elevated body temperature 
caused by upward adjustment in the thermoregulatory set 
point. This can also be of infectious or noninfectious origin 
similar to hyperthermia (Tables 1 and 2). 

The pathophysiology of febrile response is not eariy 
understood. Fever is hypothesized as a cytokine-mediated 
systemic inflammatory response syndrome caused by 


generation of acute phase reactants and activation of ` Extremities | * Femoral line-related blood stream infection 
autonomic, neuroendocrine, and immunological systems. — : | © Septic arthritis 
Febrile response in patients with sepsis involves activation — ' Infected pressure sore - | 
of innate immune system via toll-like receptor 4 and Skin and back | « Cellulitis | 
production of pyrogenic cytokines like interleukin (IL-18, — | e Infected pressure sore | 
IL-6, interferon-y, and tumor necrosis factor (TNF)-o. The | 
: : Surgical s site infection j 
pyrogenic cytokines can be exo- or endogenous; exogenous: > = = eche pel 
; Miscellaneous Postoperative fever >96 h 


cytokines are released by macrophages in response to 


| Head and neck 


Possible infection - 


| e Meningitis 
| e Otitis media 
l e Sinusitis 


i * Central venous catheter-related blood 
! Stream infection 


; pelvis 


e Infectious causes of diarrhea 
| e Clostridium difficile infection 

| e Infectious complications of pancreatitis 
| e Pyelonephritis 

| Catheter-related urinary tract infection | 


Perineal or perianal abscess. j 
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various stimuli. The pyrogenic cytokines diffuse through of thermal denatured proteins and may even transport them 
blood-brain barrier which then act directly on the organum intracellularly for degradation and elimination." Heat shock 
vasculosum laminae terminalis in central nervous system.!! proteins also directly regulates the body febrile response, e.g., 
The cytokines can also cause the release of prostaglandin inhibits pyrogenic cytokine production and programed cell 
E2 and phospholipase A2 via activation of cyclooxygenase ^ death.^'? 

pathway, which then bind to receptors in the hypothalamus 
and decrease the degree of neurons firing resetting << EPIDEMIOLOGY OF 

the thermal set point upwards. The hypothalamus then P FEVER IN INTENSIVE CARE UNIT 
maintains homeostasis around this new set point-like normal — * mem mem rt : 


thermoregulation causing elevated body temperature.* The prevalence of fever in ICU varies in different studies 

There are negative feedback systems that prevent and ranges from 25 to 70% depending on definitions 
abnormal elevation of body temperature, e.g., glucocorticoid used, methods to record temperature, and etiology of 
system, which acts via nuclear factor-kB and/or activator fever. The important of these studies are summarized in 
protein-1 and downregulates the production of pyrogenic table 3. Though a study showed incidence of fever in ICU is 
cytokines. The other systems which modulate febrile decreasing, still fever is one of the commonly encountered 
response are antipyretic cytokines also known as cryogens abnormal physiological variable in ICU.! The significance 
including IL-1 receptor antagonist, IL-10, and TNF-a binding of fever in ICU and its impact on outcome is also reported 
protein, arginine vasopressin, and a-melanocyte stimulating differently with either an increased risk to no difference in 
hormone.!! The clear understanding of interaction between mortality as compared to normothermia.”*>" The different 
antipyretics and pyrogenic cytokines is, however, still lacking. outcomes reported may be because of heterogeneous 
It is also not known whether the infectious and noninfectious population studied, definition of temperature used, method 
causes induce fever through a similar molecular route.! There ^ of measuring temperature, and different etiology of fever. As 
is another negative feedback mechanism, heat shock proteins ^ discussed before, the etiology of fever in ICU can be divided 
(HSPs), which not only provide protection against thermal into infectious and noninfectious origin. The new fever in 
damage but also other potentially lethal stresses including ICU is mostly equated to infection despite half of the causes 
hypoxia, toxins, and radiation injury. The mechanism of of fever are noninfectious.?!* * The incidence of infectious 
action of HSPs, especially HSP60 and 70, is to trigger refolding ^ causes of fever in ICU varies from 34 to 55% (Table 2). The 


| Infectious 
etiology (96) 


Study . Patients — :Settingof ` Fever 
number ICU definition (*C) 


"i 


: Incidence 


(23) 


Outcome 


i Ciciumaru et al.'4 


; 53 | Increased mortality among febrile patients | | 
! (1999) | | | 
| Barie et al. [Surgical icu i j 46 I Increased mortality among febrile patients. | 
| Peres etal.'^ (2004) | 493 | 155 | Increased mortality among febrile patients 
Laupland et al? 20, 466 | 3 general - 538. 3 i 44 34 | Only high fever (>39°C) increased 
| (2008) ICUand1 ; | mortality; OR = 1.91 
| j vicu | l L tia 
| Young et al." 12,69078 — |129ANZ >39 | | 10.8 ANZ | Increased mortality without infections 
| eorn l | (ANZ) Í 201 UK l 1 28.1 UK | and decreased mortality with infections in ; 
| | 366, 973 (UK) | | j | “febrile patients in the first 24 h | 
Ens > GEM aat TC ARAE TETUER ALME MM PO RUM] E ————- 
Laupland et al. 18 In 10,962 ` T General ICU 1 | 2383 | 257 Hypothermia instead of hyperthermia 
(2012) | | ! : | was an independent predictor of death in 
L S iets 
| Lee et al? (2012) 1,425 “General ICU 5 ranges: | | 42 | High fever (239. 5°C) was independently 
i ! | |* «365 04 ; : associated with mortality in nonseptic 
| ! : e 365-374 237 ; | patients but not so in patients with sepsis 
e 375-384 | 465 | 
|* 385-394 1317 
| pen hay | : 
D————r ESAE S; -—— a a: aaaea a redemeeelh -——— — ————— ae me etme wee ce 
| | Niven et tal. 1 ani | 17, 153 | General >38. i. 50. 1-25.5 2 | Incidence of fever decreased from 50. 1 to 
L. 


B i | ICUs i | 25.5% over 5. 5 years of thes study - 


— et 3 —9 ——— ————— A —Á——— 


ICU, intensive care unit; CVICU, ibas tian intensive care unit; OR, odd ratio; ANZ, Australia and New Zealand; UK, United Kingdom 


~ 


v2 


(D NN Q i nn N om ( e B o (o Uo — ^ wv 


i 
A 


CHAPTER 43: Fever Control in Intensive Care Unit: Is It Helpful? 


differentiation of infectious versus noninfectious on pattern 
of fever is difficult. However, some data showed the duration 
of fever lasting >5 days and high fever (>39.3°C) are more 
likely to be infectious and have higher mortality but not 
adjusted for illness severity, and other potential confounding 
factors.?!^ The fever in ICU almost always trigger an order set 
of multiple investigations to diagnose a possible infection 
and add to the cost of ICU stay and morbidity. The approach 
to the fever should be based on detailed clinical assessment 
including a review of the patient's history before any 
laboratory investigation or imaging procedures are ordered. 
Asimplified and systematic head-to-toe approach should be 
used in such clinical assessment of fever. The infectious and 
noninfectious differential diagnoses should all be considered 
during assessment (Tables 1 and 2). In patients with fever and 
sepsis as an etiology, studies have found reduced mortality 
as compared to normothermia or even hypothermia.*!® 
Conversely, in patients with a noninfectious diagnosis, higher 
peak temperatures were associated with an increased risk of 
inhospital mortality.” 


& TREATMENT OF FEVER 
AIN INTENSIVE CARE UNIT 
The treatment of fever includes antipyretic drugs 


[paracetamol and nonsteroidal anti-inflammatory drugs 
(NSAIDs)| and various nonpharmacological measures. 


"Fever has many immunophysiological effects which 


constitute host defense against infectious disease, e.g., like 
maturation of dendritic cells. The neutrophil cell motility, 
phagocytosis, and in vitro growth of intracellular bacteria 
in human macrophages are also shown to be enhanced by 
temperatures in the febrile range. The fever also enhance 
binding of human lymphocytes to the vascular endothelium. 
Few studies have suggested that suppression of febrile 
responses using antipyretics in patients with sepsis can 
be thus counterproductive and can worsen outcomes.>”° 
Fever may have various physiological detrimental effects. 
In humans, fever through shivering can cause increase in 
oxygen consumption, minute ventilation, and metabolic rate 
above baseline by sixfold.*”! Very high temperatures (>40°C) 
may worsen cerebral edema and precipitate multisystem 
organ failure.” There are few negative consequences of 
fever reported, like the cytotoxic activity of natural killer 
cells is reduced by fever. High temperatures (241°C) may 
impact the function of neutrophils and macrophages 
negatively? In addition, commonly employed antipyretics 
(NSAIDs and/or acetaminophen) used in management of 
fever are associated with increased risk of bleeding, hepatic, 
and renal toxicity.! Intravenous acetaminophen has also 
been associated with hypotension in critically ill patients.” 
Nonpharmacological methods of fever control, like cooling 
blankets, ice packs, and intravascular cooling devices, can 
themselves increase in metabolic demand by shivering 
and patient discomfort. The fever being a cardinal sign of 


infection, its treatment without identifying its etiology may 
mask the presentation and diagnosis of severe underlying 
infections. This, in turn, may affect the outcome of critically 
ill patients by delay in the administration of appropriate 
antimicrobial therapy. In spite of these, fever, irrespective 
of origin, is commonly treated in ICU with antipyretics.*° 
The utility of antipyretics in ICU patients has been 
evaluated in a number of observational and interventional 
studies. The important of these studies are summarized 
in table 4. The data from observational studies is difficult 
to compare because of heterogeneity in the studies on 
definitions of fever, methods to record temperature, and 
outcome measured. In two recent observation studies with 
more than 15,000 patients each, again conflicting results were 
found.?*? Suzuki. et al. in their cohort found paracetamol 
administration appears to be independently associated with 
reduced inhospital mortality across medical and surgical 
patients. However, in patients with suspected infection and 
lower illness severity using Acute Physiology and Chronic 
Health Evaluation (APACHE) II score, this association could 
not be proved.”4 Zhang et al. found nv effect of antipyretics on 
mortality in ICU patients with sepsis. In fact, external cooling 
and not drugs were found to be harmful in patients with high 
fever (>39°C).> The definition of fever used was different 
in the two studies. Hence, it is not possible to draw any 
conclusion on the basis of these studies on effect of treating 
fever in ICU patients, especially in patients with infections. 
~-There--are ‘many ‘randomized trials which have been 
published on the evaluation of effects of antipyretics in 
fever treatment in ICU (Table 4). Most of these trials are, 
however, small in number and mainly in patients with sepsis. 
In a larger trial by Bernard et al., the use of ibuprofen for 
fever in critically ill patients with sepsis was evaluated.” 
Patients with severe sepsis were randomized either to receive 
intravenous 10 mg/kg of ibuprofen or placebo every 6 hours 
for a total of eight doses. This study was designed primarily 
to evaluate ibuprofen as an anti-inflammatory agent, hence, 
the study included both hypothermic and febrile patients. 
Although the use of ibuprofen was effective in reducing body 
temperature significantly, it did not alter 30-day mortality. 
In another open-label randomized study which included 
febrile ICU patients and assigned them to aggressive or 
permissive temperature management.’ The aggressive fever 
control group received paracetamol 650 mg enterally every 
6 hours (trigger 238.3*C) and physical cooling was added at 
higher temperature (239.5*C). The permissive group received 
paracetamol only when temperature was 240°C and physical 
cooling once it reached >40.5°C. Most of the patients in both 
the group had infectious etiology of fever. The 28-day all- 
cause mortality was not significantly different between the 
two groups. Recently, Young et al., in the largest prospective, 
blinded, randomized trial compared acetaminophen versus 
placebo for fever treatment in critically ill patients with known 
or suspected infection.” In the Permissive Hyperthermia 
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TABLE 4 Studies on fever treatment in intensive care unit 


Study name 
Observational studies 


Young et al.” (2011) Cohort study in three tertiary level 

-ICUs in Australia and New Zealand on 
patients with fever >38°C and known 

` or suspected infection over a period of 


6 weeks; n = 565 


Lee et al? (2012) Cohort study of consecutive patients 
admitted for >48 h to 25 1CUs in Japan 


and Korea; n = 1,425 


| Key findings 


996 of admitted patients were included as per eligibility. Paracetamol 
was administered in about two-thirds of patients with fever on any 
given day. Physical cooling was used at least once for 1296 of patients. 
Eligible patients have double the mortality than noneligible patients. 
No result on patients with paracetamol vs. non-paracetamol patients 


High fever (239.5*C) was independently associated with mortality 
irrespective of NSAIDs or acetaminophen (antipyretics). The 
antipyretics use were independently associated with increased 28-day 
mortality in patients with sepsis but conversely, a nonsignificant trend 


towards a decreased mortality in patients without sepsis 


_ Multicenter retrospective observational 


. Suzuki et al." (2015) 
i | study in 4 ICUs; n = 15,818 


Thang et al: E (201 5) 


T Multicentie retrospective cohort, adult 
R with sepsis with fever (>37.2°C); 
= 15,268 - 


| Randomized studies - 


| Bernard et al. (1997) - 


| Double blind placebo- controlled trial of 
: intravenous ibuprofen treated patients 
l with severe sepsis in seven centers in 
North America; n = 455 


(dé Hertog eta? 
| (2009) 


i "Randomized blinded placebo controlled 
| i trial, acetaminophen 1 g 6 times/day or 
| placebo in stroke patients; n= 1,400 


: Multicenter, randomized controlled trial 
; of external cooling versus no cooling in 
: patients with fever and septic shock in 
Seven centers in France; n= 200 


| Schortgen et al 
: (2012) 


Niven et al?" Q013) 


; Multicenter, unblinded randomized 

trial of aggressive (238.3°C) and vs. 

; permissive (240.0°C) temperature 

i management with acetaminophen and 
|i cooling i in febrile ICU patients; n=26 


Prospective blinded trial, ICU patients 
. with known or suspected infection; 
n= 700 


‘Young: et al (2015) 


Janze et tal. » (201 5 


“| Single- center, double- blind, placebo- 
controlled, severe sepsis patients; n=40 : 


t 


Out of 15,818 patients, 10,046 (6496) received at least 1 g of 
paracetamol. Paracetamol administration appears to be independently. 
associated with reduced inhospital mortality across medical and 
surgical patients. However, paracetamol group lost statistical 
significance in patients with suspected infection and lower illness 
Severity - 


There was no beneficial effect of antipyretics in reducing mortality 
in ICU patients with sepsis. External cooling was found harmful in 
patients: with sepsis. and high: fever (2390). 


ibuprofen significantly reduced temperature, tachycardia, oxygen 

: consumption, and lactic acidosis in patients with sepsis. Ibuprofen, 
however, did not reduce the incidence or duration of shock, ARDS, and 
had no significant effect on 30-day mortality (37% ibuprofen-treated —— 
group vs. 4096 placebo- -treated group) 


The average temperature rëdüctión Was a Tliodest 0 25°Ci in 


; ; acetaminophen group. No benefit on stroke outcome was detected. In 
i post hoc analysis, in the patients with elevated baseline temperature 


637- 39°C), acetaminophen appeared to improve í outcome 


, External cooling significantly reduced body temperature (36. B+ + +0. 7 
vs. 38.4 + 1.1°C; p <0.01). External cooling group had more patients 
with shock reversal and more patients with 50% dose reduction of 
vasopressors as compared to no external cooling. Day-14 mortality 
was significantly lower in the external cooling group but there was no 


: significant difference in ICU or inhospital mortality between the groups ` 
. The mean daily temperature was lower in the patients in aggressive 
. fever group. (37.8 vs. 38.0°C, p = 0.02). There was no significant 


difference in in-hospital mortality and safety outcome between the 
two groups 


“No difference of icu free days between the acetaminophen and the 
placebo group 


‘Acetaminophen 1 g intravenous ; within 24 h of cu admission may 
reduce oxidative injury and improve renal function in patient with 
Severe Sepsis 


HEAT, Permissive Hypenfieimi Thicughi Avoidance of Paracetamol in Known or Suspected Infection in ICU; NSAIDS, 5 nonsteroid anti- inflammatory bos n: 


number of patients; PAIS, Paracetamol (Acetaminophen) In Stroke. 


Infection In ICU [HEAT] trial, 700 ICU patients with fever 
(238°C) were randomized to receive either acetaminophen 1 
g intravenous or placebo every 6 hours until ICU discharge, 
resolution of fever, cessation of antimicrobial therapy, or 


death. The primary outcothe was ICU-free days (alive or 
discharge from ICU) from day of randomization to day 28. 
There was no difference in baseline characteristics of the 
patients between the groups, and almost all patients met 
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criteria for sepsis, 50-53% required vasopressors, and 57- 
60% required mechanical ventilation. The results showed 
no difference between the acetaminophen and placebo 
groups in the primary outcome, nor in the secondary 
endpoints (ICU free days, hospital-free days, ventilation-free 
days, inotropes-/vasopressors-free days, or need of renal 
replacement therapy). Similarly, there was no day 28 (13.9 vs. 
13.7%, p = 0.94) or day 90 (15.9 vs. 16.6%, p = 0.84) mortality 
difference between the groups. There were also no discernible 
differences in adverse events between the groups. 

The major trial on use ofnonpharmacological methods in 
ICU patients with fever and sepsis evaluated external cooling 
to normothermia (36.5-37°C) for 48 hours or no external 
cooling.” The primary endpoint used was 50% decrease in 
vasopressor requirement at 48 hours after randomization. 
There was no significant difference between the groups for the 
primary endpoints. However, the study evaluated for various 
other secondary endpoints, like mean body temperature, the 
reduction in dose of vasopressor by 50% at various interval, 
2 hours, 12 hours, 24 hours, and 36 hours as well as on day- 
14, ICU, and hospital mortality. Though day-14 mortality 
was noted to. be significantly lower in the external cooling 
group (19 vs. 34%; p = 0.0013). This difference in mortality 
was not evident by the time of ICU or hospital discharge. 
The interpretation of the subgroup results has to be taken 
with caution because of possible type I error in analysis. In 
two published meta-analyses, author found no evidence that 


":antipyretic therapy was either beneficial or harmful in non- 
neurologically injured ICU patients.*°*! The studies, however, 
included in both meta-analysis, lacked adequate statistical 
power, and thus, authors recommended for performing large 
randomized controlled trials. These meta-analysis, however, 
did not include recently published HEAT trial by Young et al. 

To summarize,-the treatment of fever in neurologically 
intact ICU patients with infectious etiology does not have 
outcome benefit from a particular treatment strategy. In 
neurologically intact patients, the approach to the fever is to 
primarily identify the source of infection and aim to remove 
and/or treat the source. The treatment of fever other than 
patient comfort has no major advantages. In noninfectious 
causes with higher fever (>39.5°C), the fever can be controlled 
with antipyretics. The current studies are mainly focused 
on clinical outcome of fever control in ICU and will always 
have selection bias of appropriate source diagnosis and 
control. There are few studies now evaluating the biological 
response (cytokines, HSPs, etc.) of our temperature control 
strategies in patients with fever. In a recent study by Janz 
et al., acetaminophen 1 g given intravenously within 24 hours 
of ICU admission may reduce oxidative injury and improve 
renal function in patient with severe sepsis.? These studies 
are helpful in understanding the pathophysiology of fever 
induction, which in turn may help clinicians to understand 
different temperature control strategy. 

Most of the randomized trials excluded patients with 
neurological dysfunction (cerebrovascular accidents, 


traumatic brain injury) because of reported association 
of poor outcome with fever in these patients. In a meta- 
analysis, the hyperthermia demonstrated a twofold increase 
in short-term mortality in patients with stroke within the 
first 24 hours of hospitalization. The recent guidelines 
on management of ischemic stroke also recommend the 
identification and treatment of hyperthermia (>38°C) in 
patients with stroke.** The direct impact of use of antipyretics 
for control of fever in these patients, however, has not been 
evaluated properly. In a large randomized trial for evaluation 
of Paracetamol (Acetaminophen) In Stroke (PAIS), 1,400 
patients were either assigned to acetaminophen 1 g 6 times 
a day or placebo.? No benefit on stroke outcome was 
seen, however, in a post hoc analysis in the patients with 
elevated baseline temperature (37-39°C), treatment with 
acetaminophen appeared to improve outcome. Similarly, 
in patients with traumatic brain injury, the studies found 
fever as an independent predictor of poor prognosis and 
guidelines advocate aggressive fever control.*© 

Hence, in patients with diagnosed or suspected neuro- 
logical injury, the temperature elevation >38°C should be 
evaluated for any infectious causes and should be treated 
with antipyretics. 


i CONCLUSION | 


The current understanding of fever is still incomplete about 
its significance; pathophysiology and its relation to original 
etiology, and whether treatment is beneficial or harmful 
especially in patients with neurologically intact ICU patients. 
The approach to fever in critically ill neurological intact 
patients should be systematic assessment for any possible 
source rather than treatment of fever per se. 
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& INTRODUCTION 


Disorders of plasma sodium concentration are commonly 
encountered in hospitalized patients and have been asso- 
ciated with an increased length-of-stay, increased resource 
utilization, and mortality.^ Hyponatremia is particularly 
common and has significant consequences in a range of 
clinical conditions despite being potentially reversible.!? The 
incidence of adverse outcomes has also been postulated to 
occur in patients with either asymptomatic or particularly 


mild hyponatremia.' The clinical effects of dysnatremia- 


are particularly apparent in the surgical population as 
the perioperative period is known to be associated with 
significant fluid losses, varying fluid replacement regimes, 
and then, endocrine surgical stress response? Studies 
published in the literature have previously explored hospital 
outcomes of dysnatremia present on admission or in specific 
medical or surgical specialties. However, recently, there has 
been an emerging interest in the incidence and outcomes 
of dysnatremia in the perioperative period and the changes 
in sodium plasma concentration during this time. Although 
small changes in sodium concentration may be expected 
secondary to either diurnal variation or measurement 
artifact, larger changes often relate to endocrine or iatrogenic 
factor.*? These changes can often be rapid leading to osmotic 
disturbances or cerebral dysfunction resulting in adverse 
perioperative outcomes. 

This review will briefly focus on the physiology of sodium 
homeostasis and the common dysnatremias encountered in 
the perioperative period. It will then review the implications 
and complications of perioperative dysnatremia. 


; SODIUM HOMEOSTASIS — 


Sodium is the most abundant ion in the extracellular fluid 
and along with chloride and bicarbonate, contributes 
approximately 90% of the extracellular osmolality. As a 
result, the regulation of plasma osrnolarity is intimately 


correlated with the plasma sodium concentration. Under 
normal physiological conditions, normal concentrations 
are maintained within a tight range of between 138 and 
142 mmoL/L, although values between 135 and 145 mmoL/L 
are generally considered normal. 

In healthy adult physiology, fluctuations of sodium 
concentration and total body water are minimal despite 
activities such as ingestion of large volumes of water or 
Strenuous exercise. 

Numerous systems control the fine balance but thirst, 


-antidiuretic -hormoné (ADH), and aldosterone are the 


most important regulators of plasma concentration. The 
plasma water content is the main determinant of sodium 
concentration and this in itself is affected by water intake, 
insensible losses and urinary dilution.’ In response to an 
increase in extracellular fluid osmolarity, ADH is released 
from the posterior pituitary which acts on the cortical 
collecting tubules and collecting ducts. The permeability of 
the aforementioned structures thereby increases leading 
to an increase in water reabsorption and consequently, 
concentrated urine. This serves to rid the body of excess 
sodium while relatively preserving water. Extracellular fluid 
is "diluted thereby normalizing the plasma concentration. 
The exact opposite occurs when the plasma becomes hypo- 
osmotic. Less ADH is produced, which allows larger volumes 
of diluted urine to be excreted. 

Disorders of sodium imbalance can be broadly classified 
into hypo- and hypernatremia. Hyponatremia is defined 
as a plasma sodium of «135 mmoL/L and the causes can 
be broadly classified clinically according to the patient's 
extracellular fluid volume status, e.g., hypervolemic, hypo- 
volemic, or euvolemic. Hyponatremia is more commonly 
encountered in the perioperative period and canbe secondary 
to a combination of pathological and iatrogenic factors. In 
the perioperative setting, it is usually a reflection of excess 
water relative to sodium, which is commonly due to dilution 
of sodium by either fluid overload or depletion of total body 
sodium in excess of body water losses.* The symptoms of 
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hyponatremia are related to boththe severity and how rapidly 
-the plasma concentration falls. Mild hyponatremia is usually 
asymptomatic with symptoms such as nausea and malaise 
starting at concentrations between 125 and 130 mmoL/L. 
Severe and.rapidly occurring hyponatremia can result in 
seizures, respiratory arrest, brainstem herniation, and death.* 

Hypernatremia is defined as a sodium level over 
150 mmoL/L and is much less common than hyponatremia. 
Symptoms are usually only evident when plasma concen- 
trations rise to between 158 and 160 mmoL/L. The cause 
of this is primarily due to water loss (either pure water or 
hypotonic fluid). 


Ë PERIOPERATIVE INCIDENCE 
Àj AND IMPLICATIONS OF DYSNATREMIA 


Perioperative dysnatremias are a common finding in the 
surgical population with a recent study published in 2016 
demonstrating that 23.8% of patients in the preoperative 
setting were hyponatremic (serum sodium «137 mmoL/L) 
and 14.9% were hypernatremic (serum-sodium >143 
mmoL/L)9 This study was a secondary analysis of the 
European Surgical Outcomes Study (EuSOS), which analyzed 
the data of'over 46,000 patients presenting for elective 
noncardiac surgery. The results also found that patients with 
dysnatremia were more likely to be undergoing emergency 
surgery and to have associated comorbidities. Dysnatremia 
-was found to be twice as common in patients with cirrhosis, 
congestive heart failure, or coronary heart disease compared 
tothosewho did nothave those comorbidities. Hyponatremia 
was also found to occur more frequently in patients with 
chronic obstructive pulmonary disease.? The most significant 
finding of the study was that although perioperative 
dysnatremia is significantly associated with mortality, only 
severe hypernatremia is independently associated with an 
increased risk of death. The results of the analysis showed 
that after adjustment for confounding factors, a more 
than threefold increase in mortality was found for patients 
presenting with a serum-sodium of >149 mmoL/L [odds 
ratio (OR) 3.42]. Postulated explanations for this include 
the possibility that these patients were either dehydrated or 
exposed to more significant fluid and electrolyte shifts during 
the perioperative period. Hypernatremia itself can also lead 
to reduced cardiac contractility and decreased peripheral 
insulin resistance and it is possible that these also played a 
role in the increased mortality observed.® The fact that only 
severe hypernatremia was independently associated with 
mortality is an interesting findingasitis in contrast to previous 
studies, which have found an independent association 
with morbidity and mortality with both hyponatremia and 
hypernatremia. In 2012, Leung et al published their resuits 
ofa cohort study using over 75,000 patients from the National 
Surgical Quality Improvement Pathway database. They 
found that preoperative hyponatremia was associated with 


252 an increased risk of 30-day mortality (5.2 vs. 1.3%, adjusted 


OR 1.44, confidence interval 1.38-1.50) and this was most 
significant in patients undergoing nonemergency surgery 
and in American Society of Anesthesiologists class 1 or 2.” 
In this study, hyponatremia was also found to be associated 
with a greater risk of major postoperative coronary events, 
wound infections, pneumonia, and prolonged length-of- 
stay. A study by the same authors published the following 
year using the same database also found that preoperative 
hypernatremia is associated with increased perioperative 
30-day morbidity and mortality." Even mild degrees of 
dysnatremia have been linked to adverse outcomes and 
this was confirmed in a larger study, which concluded 
that dysnatremia, which included mild changes in serum- 
sodium concentration, was an independent risk factor for 
hospital mortality.!'!? As previously discussed, ADH plays an 
important role in the regulation of sodium homeostasis and 
it is well-known that the surgical stress response triggered 
postoperatively can lead to an increase in ADH. In addition, 
ADH release is triggered by pain, nausea, vomiting, and 
volume depletion, which are all factors that commonly occur 
in the perioperative period. Interestingly, however, Waikar 
et al. demonstrated that the association between mortality 
and hyponatremia was independent of ADH activity9!? The. 
causes of hyponatremia, perioperatively, are multifactorial 
and as Cecconi et al. suggested, it is likely that the underlying 
cause of the sodium imbalance is of greater significance than 
the numerical value itself. 

Although we. have discussed the perioperative effects of 
dysnatremia, we must question what are the preoperative 
implications of these findings? Although there is no strong 
evidence at present to suggest that the sodium should 
be corrected prior to surgery, the preoperative finding 
of dysnatremia should alert clinicians to the increased 
perioperative risk and should prompt clinicians to 
investigate the possibility of underlying disease, which may 
be responsible The authors of the secondary analysis of 
the EuSOS study also suggest that preoperative sodium 
concentration could be used to stratify perioperative 
mortality.? However, in order for this to be effective, increased 
awareness of the adverse effects of dysnatremia is required 
and further research is warranted to determine whether 
correction of sodium in the preoperative period can lead to 
reduced perioperative morbidity and mortality. 


E CONCLUSION 


Dysnatremia is commonly encountered in the perioperative 
period and research has demonstrated that both hypo- 
natremia and hypernatremia are associated with adverse 
postoperative outcomes. Measurement of serum-sodium 
concentration.is a rapid, simple and inexpensive and it has 
been suggested that it could be used to potentially stratify 
perioperative risk. At present, there is a lack of evidence to 
recommend correction of sodium preoperatively, but further 
research in this area is warranted. 
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CHAPTER 


Hypophosphatemia in 
Intensive Care Unit 


Jayant R Shelgaonkar 


i: INTRODUCTION 


Electrolyte abnormalities are frequently seen in the critically 
ill patients duringthe course oftheir stay in the intensive care 
unit (ICU) patients. Hypophosphatemia is frequently seen in 
these patients and its presence.is associated with significant 
morbidity. The prevalence of hypophosphatemia is about 
28% in critically ill patients.! 


& NORMAL PHOSPHATE HOMEOSTASIS —— 


Phosphorus is an essential element for all living cells with 
various functions (Table 1)? The phosphate balance is a 
complex interplay between phosphate uptake and phosphate 
excretion. Normal values of the total serum phosphate level 
are 0.80-1.45 mmol/L (2.5-4.5 mg/dL). 

The phosphate found in the blood exists in two forms— 
(i) organic and (ii) inorganic form, with a total (organic + 
inorganic) constituting plasma concentration of 3.9 mmol/L. 
The organic form comprises mainly phospholipids and 
accounts for approximately two-thirds of the total. The 


TABLE 1 Functions of phosphate 


: Function 


| Hydroxyapatite - | | Bone Structure 


; Phospholipids _ 


| Adenosine triphosphate z and 
' creatinine phosphate 


nergy storage and metabolism 
? Nucleic acid and enetic translation 
í nucleoproteins 


: Phosphorylation of proteins 
“activation of enzymes, cell- 
; signaling cascade 


` Modulates oxygen PR by 
_ hemoglobin - 


2,3-Diphosphoglycerate 


| Inorganic phosphate 


ructure of. cel membrane 


ey regulatory mechanism; 


inorganic form comprises the remainder and is the quantity 
normally measured by standard laboratory tests. This is 
made up of free inorganic phosphate (8596), which exists as 
a combination of HPO?-, H;PO;, and POT ions. The ratio of 
these ions depend on plasma acid-base balance.! 

The normal dietary intake of phosphate is 1,200 mg/day 
in the adult. The homeostasis of phosphate is controlled by 
parathyroid hormone, 1,25-dihydroxycholecalciferol and 
calcitonin and three main organs—the intestine, the kidneys, 
and bone. 

Uptake of phosphate occurs along the length of the 


‘intestinal tract with the jejunum being the main site of 


absorption. It is thought that there are two mechanisms 
of phosphate absorption. The first is a sodium-dependent 
active transport mechanism in the proximal intestine,? which 
can be blocked by diphosphonates and calcitonin’ and 
enhanced by 1,25-dihydroxycholecalciferol. This process is 
directly related to the intraluminal sodium concentration. 
The second involves the passive diffusion of phosphate ions, 


- mainly from the jejunum? and ileum.? This mechanism is 


related to the concentration of phosphate, so that when 
the dietary intake of phosphate is low, the first mechanism 
predominates. Gut absorption is affected directly by calcium 
ions, which bind intraluminal phosphate, forming insoluble 
complexes and thus decreasing the bioavailability of both 
ions. The phosphate is also secreted into the gastrointestinal 
tract, mainly in saliva and bile acids. Approximately 6076 of 
the secretion is reabsorbed." 

The main regulatory organ for phosphate is the kidney. 
In a normal, healthy human, renal phosphate excretion 
matches net intestinal absorption, thereby achieving à 
zero balance. The glomerulus filters 90% of the phosphate 
passively. Reabsorption is an active carrier-mediated 
process, which occurs mainly in the proximal tubule 
and is influenced by urinary pH. The main regulators are 
parathyroid hormone, which decreases tubular absorption 
and hyperphosphatemia, which, along with respiratory and 
metabolic acidosis enhances urinary losses. 


— | 
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TABLE 2 Common causes of hypophosphatemia 


Decreased intestinal absorption 


| e Malnutrition | « Respiratory alkalosis 
e Phosphate-binding agents 

i e Vitamin D deficiency/resistance 
jo Secretory diarrhea 

' e Steatorrhea 

; e Vomiting 

| e Nasogastric suctioning 


: + Catecholamines 


! Intestinal redistribution 


Increased renal excretion 


! e Increased renal excretion 


` e Recovery from malnutrition | « Metabolic acidosis 
_© Recovery from diabetic ketoacidosis — | e Diuretics 
! e Glucose/insulin therapy i 


:* Volume expansion 
; e Corticosteroids 


i * Rapid cell uptake/proliferation (e.g., ` Tubular disorders 
i — hungry bone syndrome and acute 


e Hereditary syndromes 
e Hyperparathyroidism 
: « Malignancy-induced hypophosphatemia 


1 
i 
| 
| 
1 


; leukemia) 
Causes in the critically ilt 
ie Sepsis e Medication 
| e Postoperative state o Glucose/insulin therapy 
ie Trauma © Cathecolamines 
|e Fluid therapy o Diuretics 
| e Refeeding e Renal replacement therapy 
| e Acid-base disorders 
o Metabolic acidosis 
o Respiratory alkalosis 


Hypophosphatemia can be caused by three different 
mechanisms (Table 2):9? 
* Decreased intestinal absorption 
* Internal redistribution of inorganic phosphate 
e Increased renal excretion. 


In most patients with severe hypophosphatemia, both 


depletion of total body phosphorus stores and redistribution 

of phosphate to the intracellular space are found. 

e Decreased intestinal absorption of phosphate rarely 
causes hypophosphatemia, as a low-phosphate diet 
increases renal reabsorption and enhances intestinal 
uptake of phosphate. Still, malnutrition, diarrhea, and 
nasogastric suction-causing hypophasphatemia are 
common features in critically ill patients 

e Redistribution across the cell membrane is the most 
common cause of hypophosphatemia in ICU patients 
and can be caused by multiple clinical conditions. 
Respiratory alkalosis-induced increase of intracellular 
pH causes phosphate to enter the cell by stimulating 
glycolysis, administration of glucose and insulin also 
stimulates carbohydrate metabolism, during which 
phosphate is transported into the cells along with glucose; 

"high serum levels of catecholamines such as epinephrine 
and norepinephrine, whether endogenous or exogenous, 
cause a decrease in serum phosphate.!? Cellular uptake of 
phosphate is increased under certain specific conditions 
such as the refeeding syndrome, hungry-bone syndrome 
and diseases with rapid cell proliferation such as acute 
leukemia 

e Renal excretion of phosphate is increased by metabolic 
acidosis and by many drugs, including diuretics, 
glucocorticoids,!" aminoglycosides, antiretroviral drugs, 
and anticancer drugs. 


Hypophosphatemia can be found in patients with severe 
infections, such as sepsis, particularly in patients with Gram- 
negative bacteremia." Hypophosphatemia often develops 
in the postoperative phase.? Multiple causal factors may 
be present, such as respiratory alkalosis, administration of 
insulin, and the use of diuretics. This is particularly true for 
major surgery such as cardiac surgery and abdominal aortic 
surgery. After major hepatic surgery, hypophosphatemia 
is extremely frequent. Reported mechanisms involve both 
shifts of phosphate into hepatocytes’* and renal phosphate 
wasting." In trauma patients, hypophosphatemia is seen 
because of altered renal phosphate handling resulting in 
increased urinary phosphate excretion. In burn patients, 
hypophosphatemia is frequently seen because of phosphate 
loss through the skin. In patients with malnutrition, a so- 
called refeeding syndrome may develop when they receive 
enteral feeding, a syndrome characterized by multiple 
metabolic abnormalities including depletion of total body 
phosphorus stores and redistribution of phosphate to the 
intracellular compartment, which may result in severe 
hypophosphatemia.* Hypothermia induces dieresis and 
is associated with hypophosphatemia as well? The use 
of continuous renal replacement therapy may lead to 
hypophosphatemia when low-phosphate replacement 
solution and dialysate are used. Patients who require high- 
flux dialysis for intoxications are especially at risk. Addition 
of potassium phosphate to dialysate and replacement fluids 
safely prevent the development of hypophosphatemia.”° 
Finally, patients with diabetic ketoacidosis commonly 
present with hypophosphatemia due to increased urinary 
phosphate excretion. Phosphate levels generally decrease 
further during treatment because of intracellular shifting 
along with glucose and potassium.?! 
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EPIDEMIOLOGY OF HYPOPHOSPHATEMIA 


Hypophosphatemia is categorized as moderate [serum 
phosphate level of 0.32-0.65 mmol/L (1-2 mg/dL) or 
severe («0.32 mmol/L («1 mg/dL)]. In the general hospital 


population, the-prevalence of moderate hypophosphatemia 


ranges between 2.2 and 3.1%, and the prevalence of severe 
hypophosphatemia is reported to be 0.2-0.45572? One 
study reports 4596 of all hypophosphatemia cases occur 
in hospital population. Hypophosphatemia has high 
incidence in certain patients groups, such as sepsis and 
diabetic ketoacidosis. In postoperative patients, such as 
elective cardiac surgery, the incidence is around 34%. It 
is very common after major hepatic surgery in the first 
postoperative week. Trauma patients also have high 
incidence of hypophosphatemia especially in patients with 
burn wounds and head trauma.”>6 


CLINICAL SYMPTOMS (BOX 1) — Á— 


Hypophosphatemia causes impaired energy metabolism, 
which leads to cellular dysfunction in multiple organ systems. 


É MANAGEMENT OF HYPOPHOSPHATEMIA — 


Due to high prevalence of hypophosphatemia in critically 
ill patients, especially in the high-risk groups, frequent 
laboratory monitoring is recommended." Although it is. 
recommended to correct hypophosphatemia in patients with 
symptoms, there is no randomized controlled evidence to 
indicate whether correction of hypophosphatemia leads to 
improved outcome. 


Box 1: Symptoms of hypophosphatemia2” 
e Respiratory 


© Respiratory muscle 
dysfunction 


e Hematologic 
© Hemolysis 


© Leukocyte dysfunction 
- Acute respiratory failure e Endocrine 


~ Failure to wean from 
mechanical ventilation 


© Decreased peripheral 
oxygen delivery 


Cardiovascular 


© Decreased myocardial 
contractility 


Acute heart failure 


Increased inotropic 
requirement 


Archythmia 
- Ventricular tachycardia 


- Supraventricular 
tachycardia 


- Premature beats 


© Insulin resistance 
e Neuromuscular 
© Skeletal muscle weakness 
© Rhabdomyolysis 
o Polyneuropathy 
© Altered mental status 
© Seizures 


o 


o 


o 


Hypophosphatemia can be corrected orally as well as 
intravenously. Intravenous administration is associated 
with complications like precipitation with calcium, large 
intravenous doses of phosphate can lead to hyperphospha- 
temia, hypomagnesemia, hypocalcemia, and hypotension. 
Therefore, intravenous administration is recommended 
for patients with symptomatic hypophosphatemia and 
phosphate levels less than 0.32 mmol/L. Multiple studies 
have evaluated the efficacy and safety of intravenous 
phosphate supplementation. These studies generally 
agree that aggressive phosphate supplementation is safe 
with phosphate doses up to 45 mmol with infusion rates 
up to 20 mmol/h. In patients with potassium levels more 
than 4 mmol/L, sodium phosphate instead of potassium 
phosphate is recommended. One study calculated total 
phosphate replacement dose based on the actual serum 
phosphate levels in mmol/L, a target level of 1.25 mmol/L 
and a phosphate distribution volume of 0.5 L/kg body 
weight. 

Phosphate dose = 0.5 x (body weight) x 
[1.25 - (serum phosphate)] 
Body weight in kilogram, serum phosphate in millimoles 


- per liter, and phosphate dose in millimoles.” 


Moderate hypophosphatemia can be treated with oral 
supplementation of phosphate. Supplementation of active 
vitamin D is required for intestinal absorption of phosphate. 
Typical oral supplementation amounts are three times the 
normal daily intake, with advised amounts of 2.5-3.5 grams 
(80-110 mmol) per day, divided over two to three doses. 
Patients, who receive feeding after a period of starvation 
are often phosphate depleted, so additional phosphate 
should be added to nutritional preparations. An additional 
preventive strategy is to build up the caloric intake slowly.” 
The total required amount of phosphate cannot be predicted 
by serum phosphate levels, as phosphate shifts between 
multiple body compartments. Dipyridamole can decrease 
urinary phosphate loss. Further research is needed to 
establish further the role of this drug in the treatment of 
hypophosphatemia in critically ill patients. 


E CONCLUSION — 


The incidence of hypophosphatemia in ICU depends on the 
underlying cause. There are three major mechanisms by 
which hypophosphatemia can occur: (i) decreased intestinal 
absorption, (ii) internal redistribution, and (iii) increased 
urinary loss. There is often a combination of factors 
responsible forhypophosphatemia. Because of internal shifts, 
hypophosphatemia does not necessarily mean phosphate 
depletion. Lack of phosphate can lead to tissue hypoxia 
and disruption of cellular function. The identification and 
treatment of primary cause usually lead to normalization of 
the plasma phosphate levels. 
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Anticoagulation: The Various Options 
in Renal Replacement Therapy 


Khusrav B Bajan 


5i INTRODUCTION’? - 
Renal replacement therapy (RRT) is a modality of 
extracorporeal circulation offered to the critically ill 
patients with acute kidney injury or to the relatively stable 
chronic renal failure patients. Kidney disease is beset 
with disturbances in the coagulation system, such as 
dysfunctional platelets, making the decision on the use of 
anticoagulation in this scenario even more challenging and 
complex. Trying to maintain patency of the extracorporeal 
circuit during RRT using anticoagulation, one often 
lands up with dreaded complications such as intracranial 
hemorrhage and major gastrointestinal bleed. We, thus, 
would make an attempt, in this chapter to touch upon 
:some controversial yet key issues such as optimization and 
individualization of anticoagulation in the hemodialysis 
setting, options to reduce complications of systemic 
heparinization, and to find out nonanticoagulation based 
strategies to prevent complications. 


B RECOMMENDATIONS ® 


Various organizations and nephrology societies, such as the 

Canadian Society of Nephrology, Caring for Australians with 

Renal Impairment, National Kidney Foundation, European 

Best Practice Guidelines, and the British Renal Association, 

have made various recommendations on: 

e Adequacy of anticoagulation to achieve optimal dialysis 

* Difference between unfractionated heparin (UFH) and 
low molecular weight heparin (LMWH) 

e Dosage of heparin during dialysis 

* Use of citrate and saline infusion in the dialysis setting. 
The heterogeneity on these controversial issues 

highlights the need for newer and appropriate consensus 

guidelines. f 


E OPTIONS TO REDUCE 
B SYSTEMICHEPARINIZATION — — — 


In patients at risk for bleeding due to systemic anti- 
coagulation, such as heparin induced thrombocytopenia 
(HIT) syndrome and previous use of antiplatelets and 
anticoagulants; various modalities, such as regional 
anticoagulation, low dose heparin rinsing of circuit, saline 
boluses, and the use of synthetic membrane dialysis with 
an affinity for heparin, have been used to maintain filter 
patency. 


Regional Anticoagulation!'-? 


The use of protamine to neutralize the anticoagulant effect 
of systemic heparin has been complex, ineffective, and 
hence, abandoned in favor of other safer strategies. A safer 
use of prostacyclin, an endogenous prostaglandin with its 
antiaggregatory effect on platelets, is an option for regional 
anticoagulation. However, its use has been limited on account 
of complications, such as hypotension and systemic flushing 
due to vasodilatory properties, and its high cost. Regional 
anticoagulation using citrate due to its inherent properties of 
chelating calcium and thus blocking the coagulation cascade 
is a popular option. Citrate toxicity could lead to metabolic 
alkalosis after being metabolized to bicarbonate and also lead 
to metabolic acidosis if for some reason not metabolized. The 
use of citrate needs cautious monitoring of ionized calcium 
and is very costly and complex, and hence, has not stood the 
test of time. 


Anticoagulation-free Dialysis'*"® 


Frequent saline flushes of 100-200 mL half hourly or 
a continuous saline infusion (200 mL/h) could be an 


low 
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alternative practice to prevent filter clotting. This strategy 
has not been proven in studies to reduce the filter clotting 
episodes substantially and is also labor intensive. A single- 
center randomized controlled nonblinded study including 
50 heparin-free dialysis, showed 24% of filter clotting with 
continuous saline infusion as against 48% filters clotting 
when intermittent saline boluses were used (p - 0.04). In 
contrast to this, a post hoc analysis HepZero study showed 
that saline flushes achieve higher success thanthe predilution 
continuous saline method. 


Role of Heparin-coated Dialysis Membranes in 
Low Dose Heparin or Heparin-free Dialysis! ^79 


Heparin rinse of the circuit has been used as an alternative 
technique to prevent filter clotting for many years, but in vain. 
Few studies have shown some benefit of heparin rinse, if used 
along with commercially available dialysis membranes, such 
as hemophan, AN69ST, and HeprAN, that allows adsorption 
of heparin through the blood contacting surface of the 
membrane. A study using hemophan filter, though showing 
a 15-minute increase in the activated partial thromboplastin 
time after initiation of dialysis, had a 7% occurrence of severe 
dotting. A clinical study comparing three modalities; low 
dose heparin, AN69ST, and other high flux membranes, 
such as polysulfones, in heparin-free dialysis; failed to show 
any significant difference. A Reduction of Heparin dose in 
Dialysis with Evodial System (RHODES) study using HeprAN, 
(polyacrylonitrile membrane with a heparin graft) adopted 
a stepwise reduction in the regular heparin dose (UFH or 
LMWH) in 45 hemodialysis patients until signs of clotting 
were observed. It showed a 50% decrease in the anti-Xa 
activity and a 6796 reduction in the heparin dose required. 
A HepZero study including 251 heparin-free hemodialysis 
patients showed a success rate with the use of heparin- 
grafted membranes as compared to current standard of care 
strategies of saline boluses (68.5 vs. 50.4%; p = 0.003). 


Alternative Anticoagulants to Heparin?!?5 


New anticoagulants that can either directly inhibit thrombin 
or slow down thrombin generation by blocking factor Xa 
have been recently developed for use, especially to prevent 
HIT in dialysis patients. 

Danaparoid, a mixture of glycosaminoglycans with a 
predominant anti-Xa activity (anti-Xa over anti-IIa ratio) has 
been used in patients requiring dialysis to prevent HIT. 

Fondaparinux, a Xa inhibitor, not licensed for use in HIT, 
has been tried in dialysis patients. 

Some direct and indirect thrombin inhibitor, such 
as lepirudin, hirudin, bivalirudin, dermatan sulfate, and 
argatroban, have been proposed to achieve safe anti- 
coagulation during dialysis of HIT patients. In patients with 
high risk of bleeding, a study conducted comparing use of 
low dose argatroban into saline flushes with plain heparin- 


free hemodialysis sessions showed a good efficiency in 
preventing filter clotting. 

Some newer oral anticoagulants, such as rivaroxaban, 
dabigatran, and apixaban, have yet to be studied in the setting 
of hemodialysis for their efficacy and safety profile. 


* INDIVIDUALIZATION OF 
- ANTICOAGULATION THERAPY 


Anticoagulation in RRT is challenging and needs to be 
individualized, thus the need to look into individual patient 
profiles defining them into high or low risk for bleeding. 


Patients at High Risk for Bleeding?$?? 


The following patients are at high risk for bleeding: 

e Arecent cranial trauma 

e Perioperative phase 

e Gastric ulcers 

e Esophageal varices 

e Intercurrent infections 

e Medication history, especially of nonsteroidal anti- 
inflammatory drugs and steroids. 

In addition, a Dialysis Outcomes and Practice Patterns 
Study (DOPPS) denoted that a history of gastrointestinal 
bleeding in the last 12 months was strongly predictive of a 
major bleeding event whilst on dialysis therapy. 


Patients Requiring Antithrombotic Therapy 


The use of antithrombotic agents, such as oral anticoagulants 
and antiplatelet agents, in dialysis patients for the prevention 
of life-threatening complications, such as stroke, venous 
thromboembolism, myocardial infarction, and major cardio- 
vascular events, has been the mainstay modality. 


Oral Anticoagulants?? ?^ 


Atrial fibrillation is common (prevalence 7-2796) with a 10- 
to 20-fold higher incidence in elderly patients. In order to 
prevent strokes, patients with atrial fibrillation are usually 
on warfarin or any other anticoagulants. Studies have 
shown that dialysis patients who have received warfarin 
have a 2-fold higher risk of bleeding than those not receiving 
anticoagulants. In the same studies, these patients were 
also noted to have a 3- to 10-fold increased occurrence 
of bleeding than those on warfarin without dialysis. The 
incidence of major bleeding episodes in dialysis patients 
without warfarin exposure was found to be 2.596 per person- 
year as compared to 3.1% for those who were exposed 
to warfarin. Conversely, two other studies suggested no 
significant increase in the bleeding risk, in dialysis patients 
with or without dialysis exposure. 

As proposed by Thet et al, HEMORR2HAGES [Hepatic 
or renal disease, Ethanol abuse, Malignancy history, Older 
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(age >75), Reduced platelet count or function, Rebleeding 


clinical significance. The incidence of HIT is reported to be 


risk, History of past bleeding, Hypertension (uncontrolled), less than 1% for LMWH as compared to 3-5% due to UFH. The in 
Anemia, Genetic factors, Excessive fall risk, Stroke history] prevalence of HIT varies from 0 to 12% in dialysis patients, vi 
and HAS-BLED (Hypertension, Abnormal renal and liver Heparin induced thrombocytopenia patients needing m 
function, Stroke, Bleeding, Labile international normalized hemodialysis is a complex situation and can be tackled in the , 
ratios, Elderly, Drugs or alcohol) are two bleeding risk following three ways: di 
assessment tools, which can be used in clinical practicein 1. The immediate discontinuation of ali heparin exposure th 
patients with atrial fibrillation to determine bleeding risk on early suspicion of HIT an 
whilst on dialysis. 2. Use of alternative systemic anticoagulants pa 
3. Transition to an anticoagulant. E 

: € 
Antiplatelets Agents?>* i 


A large population above the age of 50 years is on antiplatelet 
agents for some reason or the other. The DOPPS showed a 
varied incidence (3-25%) of the use of antiplatelet therapy 
amongst different countries. A study conducted in diabetic 
patients with an exposure to antiplatelets agents, confirmed 
substantially higher bleeding rates in the dialyzed versus 
nondialyzed groups. This risk further increased in patients 
receiving dual antiplatelet therapy. Though antiplatelet 
agents may have a small role in maintaining graft function of 
arteriovenous fistulas, adding an antiplatelet agent in dialyzed 
patients unless otherwise indicated, seems unnecessary. 


Patients with Heparin 
Induced Thrombocytopenia??? 


Heparin induced thrombocytopenia is of two types. It is 
the type II, with platelet counts less than 30,000, which is of ~ 


Clinical evaluation of stable HD patients 
To identify situation necessitating individualized strategies 


Tailoring of Anticoagulant Therapy 


Optimization of anticoagulant therapy of individual dialysis 
patient necessitates a standardized protocol depending upon 
the patient profile as shown in flowchart 1. 

Low heparin doses are safe and yet prevent clotting, 
however, a stepwise titration and or an anti-Xa measurement 
are recommended. 


E CONCLUSION eee ee 


Anticoagulation in hemodialysis patients is beset with 
heterogeneity and lack of evidence based practice. Thus, most 
dialysis centers have adopted local strategies and protocols 
to avoid bleeding and clotting at both ends of the spectrum. 
A visual inspection and monitoring the compression time 
at needle puncture are age-old techniques still practiced by 
some dialysis units. 


HIT settings? 


A three-pronged approach i: 
No Yes " 
A standard approach immediate 
* UFH or LMWH discontinuation of 
* Define optima! low dose AC: 3 : heparin exposure 12 
^ Using stepwise AC titration) | !ntercurrents events . ||Prevention of | |Secondary prevention 
o To avoid long-term risk of Acute bleeding, recent cranial| | thromboembolic | Jof myocardial - - 
accumulation and AE trauma, planned surgery or | | events in atrial | {infarction or 2. Heparin alternatives 13 
postoperative settings, recent | | fibrillation, deep | |cardiovascular deaths ||* Regional citrate AC 
biopsies, gastrointestinal vein thrombosis * Transition with oral AC 
bleeding, PCI, pericarditis * AC-free dialysis with 14 
intermittent saline 
No Yes flushes HDF predilution 
Continuation | | Carefully adjust- AC-free dialysis with: Assess risk-benefit Benefits and ett 15 
of treatment dosage after * Saline flusher or HDF before prescribing oral risk of APA 3 
excluding error to predilution and/or additional AC unclear in HD 
AC administration| | * Heparin-grafted membrane || by using assessment patients 3. Reintroduction of 1€ 


and inflammatory 
Status 


* Regional citrate AC 


tools (HEMORR2HAGES | Still in debate 
and HAS-BLED) 


heparin? 
Still in debate 


APA, antiplatelet agents; AC, anticoagulant; AE, adverse events; HD, hemodialysis; HIT, heparin induced thrombocytopenia; LMWH, low molecular weight 
heparin; PCI, percutaneous coronary intervention; UFH, unfractionated heparin; HDF, hemodiafiltration, HEMORR2HAGES, Hepatic or renal disease, Ethanol 
abuse, Malignancy history, Older (age >75), Reduced platelet count or function, Rebleeding risk, History of past bleeding, Hypertension (uncontrolled), Anemia, 
Genetic factors, Excessive fall risk, Stroke history; HAS-BLED, Hypertension, Abnormal renal and liver function, Stroke, Bleeding. Labile international normalized 
ratios. Elderly, Drugs or alcohol. 
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—— MU M ————À 


A patient at low risk of bleeding could suddenly transform 
into a high risk group. These changing dynamics, mandate 
vigilance whilst using anticoagulants. In such settings, one 
may consider other alternative nonanticoagulant strategies. 

It is a matter of philosophy whether a patient on 
dialysis should die of a life-threatening bleed or a major 
thromboembolic event. Thus, we need newer standardized 
and replicable bleeding risk assessment tools for these 
patients. The need of the hour is to develop newer and safer 
anticoagulants, which can also be monitored effectively. 
Research on the hemostasis phenotype could pave the path 
for the future. 
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Furosemide Stress Test 


CHAPTER 


Arghya Majumdar 


INTRODUCTION — 


Furosemide [4 chloro-N-(2-furyl methyl)-5-sulfamyl-anthranilic 
acid] was described as a novel and potent diuretic, which was 
efficacious when given either orally or parenterally. 

Stason et al. studied 39 patients and 7 normal volunteers 
in 1966. The patients had congestive heart failure, cirrhosis 
of liver, nephritic syndrome, and: malignant hypertension. 
All the patients demonstrated retention of renal sodium and 
water, and most were refractory to mercurials, acetazolamide, 
thiazides, and spironolactone administered singly or in 
combination. When administered furosemide, the natriuresis 
and diuresis were remarkable.! 

Over the years, furosemide has been utilized in the clinical 
setting of acute kidney injury (AKI) with varied intentions 
and purposes. 


lj PHARMACOLOGY OF FUROSEMIDE 
Furosemide, a weak organic acid, is mainly excreted by 
the kidneys (85%). Half of it’ is metabolized, and half is 
secreted actively in the proximal tubule by the organic 
acid transporters.” It is highly protein bound (>98%) and, 
therefore, a very small fraction of the drug can be filtered 
through the glomerulus.’ The binding of furosemide to 
plasma proteins enables its active renal secretion through 
the human organic anion transporter system in the proximal 
convoluted tubule and facilitates its diuretic effect.! A 
decrease in the protein bound fraction of furosemide in 
hypoalbuminemia states or in the presence of another 
highly protein bound drug (e.g., warfarin, phenytoin) 
diminishes the tubular secretion of furosemide and its 
diuretic potency. 

Furosemide acts on the luminal sodium-chloride- 
potassium [Na-K-Cl cotransporter of the ascending limb 
of the loop of Henle. It has also been seen to block the 
tubuloglomerular feedback response.° It was conventionally 
used to potentiate renal excretion of excess salt and 


water. Blocking the energy driven Na-K-Cl, transporters 
by furosemide helps to decrease cellular transport and 
diminishes energy consumption and hence increasing the 
chances of maintaining cellular viability. This mechanism of 
action of furosemide may have a protective action in AKI 
The diuretic response to furosemide depends on the urinary 
concentration, the time of delivery to the site of action, and 
the dynamics of the response at the site of action. 


POTENTIAL ROLE OF FUROSEMIDE IN 
PROGNOSTICATING ACUTE KIDNEY INJURY. 


Acute kidney injury is associated with heightened risk 
of morbidity and mortality in critically ill patients and is 
the most common reason for nephrology consultation in 
inpatients."? Despite an exponential rise in the incidence 
of AKI in recent years, physicians still lack the clinical tools 
to predict the likelihood of progression of AKI (defined as a 
worsening of AKI stage, such as advancing from stage 1 to 2 
or 3) at an early stage.!° 

The pharmacology of furosemide suggests that the 
diuretic efficacy of furosemide is dependent on renal 
blood flow and the function of the proximal tubule and 
loop of Henle. Clinical studies suggest that nonoliguric AKI 
is a milder form of AKI than oliguric AKI'!? and a good 
and sustained urinary output response to furosemide in 
the early stage of AKI may be considered to reflect a mild 
AKI, which has a lower chance of requiring dialysis.'*" It 
is, however, the severity of AKI that determines whether à 
patient will respond to furosemide and not furosemide that 
portends the severity of AKT. 

In patients who have developed AKI, a diminished 
diuretic response to furosemide may due to a conglomeration 
of different mechanisms, which include decreased tubular 
secretion of furosemide and a suboptimal response of thé 
Na-K-Cl, cotransporters at the loop of Henle.' The diuretic 
response to furosemide seems to have a significant inverse 
correlation to the severity of AKI.'4 
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. OUTCOME OF USING FUROSEMIDE 
* IN PREVENTION AND MANAGEMENT 
OF ACUTE KIDNEY INJURY " 


Bagshaw et al. published a systemic review and meta- 
analysis! of the use of loop diuretics in acute renal failure 
in 2007, evaluating 65 studies, of which 5 were randomized 
controlled trials. The studies included 555 patients who 
were assessed and analyzed. The quality of these trials was 
deemed to be low. Comparing loop diuretics with control, 
there was no statistical difference in mortality [odds ratio 
(OR) 1.28; 95% confidence interval (CI), 0.89-1.84; p = 0.18] 
or renal recovery (OR 0.88; 95% CI 0.59-1.31; p = 0.5). Loop 
diuretics were, however, associated with a shorter duration 
of renal replacement therapy, shorter time to spontaneous 
decline in serum creatinine level and a greater increase 
in urine output from baseline. There was insufficient data 
regarding acid-base status, hospital length of stay, or health 
costs. The most common toxicity reported in 4 studies was 
transient tinnitus and deafness. However, these findings have 
limited relevance to critically ill patients as only 2 of the trials 
recruited critically ill patients. 

Mehta and the Program to Improve Care in Acute Renal 
Disease (PICARD) study group did a cohort study, !? from 1989 
to 1995, in the intensive care units at 4 medical centers. They 
recruited 552 patients with acute renal failure. Diuretics were 
prescribed in 326 patients (59%) at the time of nephrology 
consultation. Patients who had been treated with diuretics on 
or before the day of consultation were noted to be older and 
were more likely to have a background of congestive heart 
failure, nephrotoxic (rather than ischemic or multifactorial) 
etiology of acute renal failure, acute respiratory failure, and 


- lower blood urea nitrogen concentrations. After adjusting for 


relevant covariates and propensity scores, use of diuretics 
was associated with a significant escalation in the risk of 
death or nonrecovery of renal function (OR 1.77; 95% CI 
1.14-2.76). The risk was more pronounced (OR 3.12; 95% 
CI 1.73-5.62) when patients who died within the first week 
following consultation were excluded. Increased risk was 
seen mainly in patients who were relatively i a to 
effect of diuretics. 

Uchino and the Beginning and Ending Suppa 
Therapy for the Kidney (BEST kidney) investigators 
coordinated a prospective, multicenter, multinational 
epidemiologic study! involving intensive care units 
from 54 centèrs in 23 countries. They recruited 1,743 
patients who were either treated with renal replacement 
therapy (RRT) or fulfilled predefined criteria for acute 
renal failure. Three multivariate models were developed 
to analyze the relationship between use of diuretic and 
subsequent mortality. About 70% of patients were treated 
with diuretics at the time of inclusion. The most common 
conditions associated with occurrence of acute renal failure 
were severe sepsis/septic shock (43.8%), major surgery 
(39.1%), low cardiac output (29.7%), and hypovolemia 
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(28.2%). Furosemide was the most commonly used diuretic 
(98.3%). Combination therapy was given to 98 patients. 
In all 3 models, use of diuretics was not associated with a 
significantly increased risk of mortality, length of hospital 
stay, or dialysis dependence at the time of discharge. 

Ho carried outa meta-analysis," evaluating 9 randomized 
controlled trials which included 849 patients. The outcome 
measures which did not significantly vary after furosemide 
treatment included inhospital mortality, necessity for 
requiring renal replacement therapy, number of sessions of 
dialysis required, and proportion of patients who continued 
to have persistent oliguria. Analyzing studies that used 
furosemide for prevention or treatment of acute renal failure 
did not alter the results regarding mortality and the necessity 
of requiring dialysis. The studies, however, indicated a 
heightened risk of tinnitus and temporary deafness in 
patients receiving on doses of furosemide. 


@ FUROSEMIDE STRESS TEST _ 


Need for a Prognosticating Test 


Many patients who get AKI need RRT, but there is no. 


consensus among nephrologists regarding the optimal 
time of commencing RRT. This decision-making becomes 
more arduous as patients with AKI are managed not just by. 
nephrologists but by various other specialists—emergency 
medicine physicians, internists, intensivists, pediatricians, 
surgeons, and anesthetists. On the other hand, RRT is an 
invasive process with its associated risks, and one would not 
want to start this therapy if the patient were likely to recover 
kidney function with noninvasive management. However, an 
overcautious approach of starting RRT later in the course of 
AKI may lead to adverse results.”° Thus, the need ofa test that . 
could predict the likelihood of advancing to a more severe 
stage of AKI, enabling timely, rational decisions regarding 
time of commencing RRT. 


» 


Rationale 


The diagnosis of AKI by the Risk, Injury, Failure, Loss of kidney . 
function, and End-stage kidney disease (RIFLE) criteria has 
some limitations. If decreasing urine output is considered as 
a criterion, nonoliguric AKI cannot be detected. On the other 
hand, creatinine has its inherent limitations. It is dependent 
on protein intake and muscle mass, it starts to increase quite 
late after AKI and the initial rise may be blunted by dilution 
ensuing from fluid resuscitation. This clinical need has led 
to research on multiple potential biomarkers of AKI, which 
increase early after tubular injury and have less confounding ` 
factors?! However, AKI biomarker levels tend to vary 
over time according to the timing and severity of injury.” 
Therefore, a functional assessment of the performance of 
the kidney might be synergistic to information provided by 


biomarker levels. As the most common type of intrinsic AKI 263 
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involves acute tubular necrosis, it would be logical to design 
a test for tubular function for this purpose. 

Furosemide has pharmacokinetic properties, as a loop 
diuretic, that make it an appealing candidate molecule. 
In contrast to most other drugs eliminated by the kidney, 
furosemide is minimally filtered by the glomerulus but 
secreted by an active process in the proximal convoluted 
tubule. Thereafter, furosemide inhibits active chloride 
transport throughout the lumen of the thick ascending limb 
of the loop of Henle, thereby deterring sodium reabsorption 
and leading to natriuresis and enhanced urine flow.? 

Chawla et al. theorized that a furosemide stress test (FST) 
i.e., assessing the increase in urine output after a bolus of 
furosemide, might help to assess the integrity of renal tubular 


function at an early stage of evolving AKI. They postulated . 


that the kidney's response or lack of response to a furosemide 
challenge would enable a clinical evaluation of renal tubular 
function and reserve. The availability of furosemide at the 
site of tubular action necessitates adequate renal blood 
flow and organic anion secretion in the proximal tubule, 
and the successful diuretic response requires no limitation 
to urine flow by intratubular obstruction by cellular debris. 
This could stratify patients with severe tubular injury before 
it is clinically obvious (by the RIFLE criteria). They aimed to 
develop and standardize a FST for patients with evolving AKI 
and describe its performance in a clinical setting." 


The Test . 


Critically ill patients with incipient AKI, in Acute Kidney 
Injury Network (AKIN) stage I or II, who were loop diuretic 
naive, were administered a standard dose of intravenous 
furosemide at the rate of 1 mg/kg. Those who had received 
furosemide in the previous 7 days, were likely to have a 
blunted response to furosemide and were, therefore, given 
furosemide at the rate of 1.5 mg/kg. The hourly urine output 
was measured thereafter for 6 hours and the total in the next 
24 hours. Thé clinical outcome was noted. To obviate the risk 
of hypovolemia, urine output was replaced mL for mL each 
hour, with either normal saline or Ringer's lactate for 6 hours 
after the FST, except in a situation where the volume loss was 
clinically desirable.” 


Study Methodology 


Two cohorts of patients were studied. 


Cohort 1 


The first cohort was the Southern Acute Kidney Injury 
Network (SAKInet), which was formed in 2007 to collect 
samples from patients who developed ‘AKI, with the aim of 
testing the diagnostic and prognostic accuracy of previously 
described and novel AKI biomarkers.” 


Cohort 2 


Urine sediment was analyzed with the George Washington 
Urine Sediment Score (GW USS). Patients with a GW USS 
more than 2 with evidence of granular or epithelial cell casts 
in the urine sediment.” 


Study Criteria 


Inclusion criteria: 

e Age >18 years, admitted in ICU 

e Acute Kidney Injury Network stage I [6 h of oliguria 
(«0.5 mL/kg/h) and/or 0.3 mg/dL increase in serum 
creatinine or increase of 150-200% above baseline serum 
creatinine], or AKIN stage II [12 h of oliguria («0.5 mL/ 
kg/h) and/or increase of 200-300% above baseline serum 
creatinine] 

e Indwelling urinary catheter 

e Presence of granular or epithelial cell casts in the urine 
sediment (defined by GW USS 22), or fractional excretion 
of sodium (FeNa) >1.0%, and 

e Patient considered by the treating clinical team to be 
well-resuscitated.?* 

Exclusion criteria: — . 

e Baseline estimated glomerular filtration rate below 
30 mL/min/1.73 m? 

e Renal allograft 

e Known pregnancy 

e Evidence of obstructive uropathy (e.g., hydrouretero- 
nephrosis) 

e Presence of active bleeding 

e Patients with documented allergy or sensitivity to loop 
diuretics 

è Achievement of AKIN stage III criteria, or 

e Evidence of central volume depletion at the time of 
furosemide administration." 


Outcome Targets 


The primary outcome noted was the progression to AKIN 
stage III (need for RRT, increase in serum creatinine of 30076 
over baseline, urine output of 0.3 mL/kg/h x 24 h) within 
2 weeks of FST.” 

The secondary outcome noted was the aggregate of 
developing AKI, stage AKIN III, or death within 2 weeks of 
the FST.” 


Results 


A total of 77 patients were studied, 23 patients from cohort 
1 and 54 patients from cohort 2. Of the total 77 patients, 25 
(32.4%) mét the primary outcome of AKI, AKIN stage IMI, 
and 16 (20.7%) died. Of the total patients, 32 (41.5%) met the 
secondary composite endpoint of AKI, AKIN III, or death 
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within 14 days of the FST. Of the 25 patients who advanced to 
AKI, AKIN stage III, RRT was needed in 11 (44.0%).”4 

In total, 24 patients (31%) had underlying chronic kidney 
disease (CKD). The progressors and nonprogréssors were 
well-matched with regard to comorbidities like diabetes, 
hypertension, congestive heart failure, or CKD; nephrotoxic 
exposure; sepsis, cardiothoracic surgery; serum albumin, 
lactate, or severity of disease as measured by Acute Physiology 
and Chronic Health Evaluation (APACHE) II or the Cardio- 
vascular Components-Sequential Organ Failure Assessment 
(CV-SOFA) scores.” 

The baseline urinary flow rate (UFR) noted for 6 hours 
before the FST was 74.2 (11.6) mL/h. The baseline UFR seen 
was 95.7 (16.3) and 29.7 (4.2) in the nonprogressor group 
compared to the progressor group (p « 0.01). They analyzed 
the ability of the UFR in absolute values (UFR-raw), the UFR 
that was corrected for ideal body weight (UFR-IBW), and the 
UFR that was corrected for actual body weight (UFR-ABW) 
to predict progression to AKI, AKIN stage III. The receiver 
operating characteristic-area under curve (AUC) calculated 
for UFR-raw, UFR-IBW, and UFR-ABW was 0.76 (0.09), 0.71 
(0.08), and 0.76 (0.08), respectively.”4 . 

There were lesser number of patients with AKIN stage II 
in the nonprogressors [n = 18 (34.6%)] group compared to 
progressors [n = 18 (7296)] (p <0.003).4 


Specifics of the Furosemide Stress Test 


The urine output after FST (for each increase of 10 mL of 
urine output) was predictive of nonprogression to AKI, AKIN 
stage III, when baseline patient imbalances were placed into 
a multivariate logistic regression analysis (OR 0.98, 95% CI 
0.96-0.99, p = 0.05). 

The FST was . well-tolerated with no documented 
episodes of hypotension or any other significant adverse 
event considered attributable to the test. Furosemide 
administration can cause vasodilation and hypotension, but 
these were not observed during the study. Adequate steps 
were taken to diminish the chance of this potential adverse 
effect by ensuring that the patients were considered clinically 
well-resuscitated before commencing the test and when 
appropriate, the volume of urine output was replaced with 
isotonic fluids. This may explain to a large extent why no 
adverse events were observed. The maximum UFR was seen 
within the first 2-3 hours.”* 

The UFR in response to the FST was compared between 
those subjects that progressed and those that did not 
progress to AKI, AKIN stage III. For each hourly interval, 
progressors had a lower UFR response when compared to 
nonprogressors (p «0.001). The UFR of FST between patients 
who were furosemide naive were compared to those that 
Were not and no difference was noted between these. Various 
combinations of the urine output intervals were analyzed, to 
assess which one had the best discriminating capacity. It was 
deduced that the sum of the first 2 hours of urine output after 
FST had the highest AUC to predict the primary outcome 


(0.87 in both cohorts 1 and 2). The 2-hour urine output of 
200 mL or less had the highest sensitivity and specificity to 
predict the primary outcome.”* 

These findings support the conjecture that the FST 
offers important clinical information not apparent from the 
baseline UFR alone.?* 


Critique 


Though the findings from Chawla's study” make the point 
that FST’ has good prognosticating ability, one has to 
remember that using it in a patient who has not been appro- 
priately fluid resuscitated may be counterproductive. It is 
crucial for the patient to be euvolemic before venturing into 
any sort of furosemide challenge. It is also vital to replace 
volume in patients who are not clearly volume overloaded, 
as the mean urine output seen in response to the FST was 
>1.3 Lin 6 hours. Moreover, the FST can be carried out only 
in a clinical setting where the heart rate, blood pressure, and 
urine output can be monitored closely.” 

Though previous studies in AKI have failed to clearly 
demonstrate a beneficial clinical effect, theoretically, 
furosemide has the potential for saving energy and oxygen 
consumption, and protecting the tubules, during an ischemic 
insult. Therefore, one cannot be certain that furosemide 
administration did notaffectthe natural history ofprogression 
of AKI and, therefore, could not have affected its prognostic 
ability.! In addition, the study did not include patients with 
nephritic syndrome, acute decompensated heart failure, 
cirrhosis of liver, or other subjects with resistance to diuretics. 
Therefore, one cannot presume that the FST will perform in 
the same way in these patient populations.” 


& FUROSEMIDE STRESS TEST COMPARED 
i TO ACUTE KIDNEY INJURY BIOMARKERS — 


In patients with early AKI (stage I), a number of biomarkers 
of AKI, including plasma or urinary neutrophil gelatinase 
associated lipocalin (NGAL), urinary interleukin (IL)- 
18, kidney injury molecule (KIM)-1, tissue inhibitor of 
metalloproteinases (TIMP)-2, and insulin-like growth 
factor binding protein-7 (IGFBP-7) have shown variable 
potential to predict progression of AKI.?/222526 However, 
despite a plethora of studies, the utility of these and other 
evolving biomarkers remain uncertain. Moreover, most 
intensivists and nephrologists do not have clinical access to 
these biomarker assays, which are still mainly in the realm 
of research. 

Subsequentto their previous study, Koyner etal. compared 
the performance of several AKI biomarkers—FeNa, urine 
albumin-to-creatinine ratio, urine and plasma NGAL, KIM-1, 
urinary IL-18, TIMP-2, IGFBP-7, and uromodulin with the 
performance of FST for the ability to predict progression of 
AKI, necessity for RRT, and mortality." 

Urine output in the first 2 hours after FST outperformed 
most of the biomarkers of AKI when predicting progression 
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‘of AKI and future necessity of RRT. Furosemide stress 
test, in particular, was better than the complete panel of 
biomarkers at predicting advancement to AKIN stage III. 
The complementary addition of biomarkers to results of FST 
did not provide any additional benefit. Moreover, FST was 


‘better than all other biomarkers in predicting the combined 


endpoint of RRT requirement and death.”’ 

Further, when prespecified biomarker cutoffs were used, 
the performance of FST to predict patient outcomes in this 
“high-risk” subset, was increased, when compared with 
FST alone. Forty four (57.1%) patients had a urine NGAL 
concentration >150 ng/mL before FST. In this subgroup, 
FST could portend the development of all four outcomes 
(progression to stage III, receipt of RRT, death, and the 
composite endpoint). The- AUC for the prediction of need 
for RRT was 0.91 + 0.06 (p « 0.001), while the AUC for the 
composite endpoint of stage III AKI or death was 0.89 + 0.06 
(p < 0.001). 


£ FUTURE POTENTIAL 
g; OF FUROSEMIDE STRESS TEST | 


Ne can take a leaf out of cab dioi practice and 
use the concept in managing patients with AKI. Patients 
developing renal angina? can undergo evaluation with 
AKI biomarkers in the initial stage. Patients in whom AKI 
is established with the levels of biomarkers, maybe then 


subjected to.a FST, an assessment of renal reserve and of 


integrated renal function—renal blood flow, organic acid 
secretion, thick ascending function, and tubule luminal 
patency, to get an idea about the severity, risk of progression, 
and prognosis of AKI.” Of course, one should keep in mind 
the fact, that use of loop diuretics without a protocol and 
close monitoring can be detrimental. Furosemide stress test 
should be conducted only after adequate fluid resuscitation, 
preferably as an inpatient in a facility where proper 
monitoring is ensured. The FST should not be utilized as a 
primary screening procedure to diagnose AKI.” 
Improving risk prediction ability in patients with early AKI 
can alter clinical decision-making and patient care, besides 
facilitating recruitment into further AKI trials. Future studies 
are mandated to fully explore the potential and appropriate 
utilization of FST along with biomarkers in this regard. 


E CONCLUSION _ 


The furosemide stress test provides a tool for assessing - 


the integrity of renal tubular function at an early stage of 
evolving AKI. The kidney’s response or lack of response to a 
furosemide challenge facilitates a clinical evaluation of renal 
tubular function and reserve. 

Improving risk prediction ability in patients with early 
AKI can alter clinical decision making and patient care, 
besides enabling recruitment into further AKI trials. Future 
studies are mandated to fully explore the potential and 
appropriate utilisation of FST along with biomarkers in this 
regard. 
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} INTRODUCTION 


The past couple of years have seen a dramatic change 
in critical care. Advanced technologies and monitoring 
techniques with standardized definitions have together 
increased the diagnostic and therapeutic capabilities of a 
critical care specialist. Such is also the case with acute kidney 
injury (AKI). The incidence of AKI has been increasing, 
especially in intensive care unit (ICU), and is a cause for 
concern as it is an independent predictor of mortality.!? This 
could be due to increasing prevalence of lifestyle diseases 
with already compromised but stable renal function, 
superimposed infections, as well as increased rates of 
detection. Acute kidney injury is not a disease per se, but 
represents a spectrum of disorders ranging from mild-to- 
severe loss of kidney function. As the name suggests, AKI is 
a sudden decline in the function of kidneys with retention 
of nitrogenous waste products or decline in urine output 
or both. Earlier definitions for AKI were inconsistent and 
changeable. As a result, epidemiological studies were unable 
to estimate the exact prevalence of AKI in hospitals and 
ICUs. Initial studies using different criteria estimated the 
prevalence of AKI in ICU ranging from 1 to 7095.5 

Thus, the need of the hour was to frame a universally 
acceptable standard definition for diagnosis of AKI. The Acute 
Dialysis Quality Initiative developed the Risk, Injury, Failure, 
Loss of kidney function, End-stage renal disease (RIFLE) 
classification of AKI in 2004. The RIFLE criteria is based 
on changes in serum creatinine levels, glomerular filtration 
tate, and decline in urine output from baseline. Using these 
variables, it helps identify kidneys at risk of damage, already 
compromised kidneys, and finally established renal failure. 
As a result, it aids in management decisions. 


i INCIDENCE OF ACUTE KIDNEY INJURY IN 
INTENSIVE CARE UNITS AND HOSPITALS __ 


The incidence of AKI is said to range from 5 to 7% in 
hospitalized patients and is on an upward trend." !? 


However, there is still scarcity of data regarding the 
prevalence of AKI in ICUs. A few studies have shown that 
the overall incidence of AKI in ICU is around 20-50%.!!"4 
The exact burden of chronic kidney disease (CKD) in India 
still remains undefined with only limited data from the 3 
population-based studies addressing this issue.'*! The 
Chronic Kidney Disease Registry, recently established 
by the Indian Society of Nephrology, may provide useful 
epidemiological data in the future. In the prevention study 
done in Chennai, the prevalence at the community level 
is 8,600- per million population (pmp) in the study group 
and 13,900 pmp in the control group. A study based in 
Delhi revealed a prevalence of CKD (serum creatinine 
>1.8 mg/dL) at 7,852 pmp.!9 Another study from Bhopal 
revealed an incidence of 151 pmp suffering from end-stage 
renal disease (ESRD).!” Do we have the resources and skill 
to handle this éver increasing population of ESRD in India? 

Acute kidney injury in ICU occurs secondary to multiple 
causes, the most common being prerenal AKI. Prerenal AKI 
is secondary to a systemic cause, which if timely corrected, 
would return the kidney function back to normal within a 
short period of time. 

The primary aim of AKI management is to prevent 
progression: to acute tubular necrosis (ATN) as 20% cases 
of ATN progress to CKD within 1.5-2 years.'? Acute kidney 
injury itself is associated with longer length of hospital 
stay, progression to CKD or ESRD, and the most dreaded 
complication increased mortality. These patients are also 
more proné to develop other nonrenal comorbidities, which 
together with AKI, are associated with higher mortality. 1®-?? 
Even uncomplicated AKI is associated with longer hospital 
stays and higher resource utilization, further escalating the 
cost of therapy.” Thus, early recognition of this condition is 
associated with the best possible outcome, both short term 
(clinically and economically) and long term. 

In spite of early detection and correct management of 
AKI, a significant proportion of AKI patients do deteriorate 
to eventually develop CKD or ESRD. The exact mechanisms 
for this are unknown, but patients with preexisting CKD or 


268 


SECTION 5: Nephrology 


compromised kidney function were more prone to develop 
ESRD. Prescott et al. showed that about 5396 of patients with 
CKD developed ESRD with AKI as compared to 13% cases 
withoutany preexisting renal dysfunction.? A multinational, 
multicenter study by Uchino et al. showed that 5.7% of cases 
with AKI eventually needed dialysis and these patients had 
a high mortality rates of >60%.? Hoste et al. showed that 
around 0.2-0.3% of patients who developed AKI per year 
eventually required renal replacement therapy (RRT), and 
despite therapy, had a high mortality.” Results from the 
Beginning and Ending Supportive Therapy for the Kidney 
(BEST Kidney) trial showed that 13% of patients with AKI 
required RRT on hospital discharge? Other factors which 
have been shown to be associated with poor outcomes 
are advanced age, diabetes mellitus, hypoalbuminemia, 
and severity of AKL?^ High RIFLE class on admission or 
an increasing trend during hospital stay is associated 
with increasing mortality.???' Despite high prevalence of 
terminal events in patients of AKI, use of RRT in AKI have 
shown improved mortality rates.289 


d WHATS RENAL REPLACEMENT THERAPY? _ 


.Renal replacement therapy is a form of artificial therapy to 


take over the functions of the kidneys in an effort to provide 
the damaged kidneys rest and time for recovery. It comprises 
of dialysis, hemofiltration, and hemodiafiltration. 


(| PRINCIPLES OF DIALYSIS 
Dialysis therapies involve removal of fluid and solutes by two 
processes, i.e., diffusion or convection used either alone or 
in combination. A hemofilter/hemodialyzer is used for the 
same whereif a semipermeable membrane separates the 
blood compartment from the dialysate compartment. 
Diffusion is the process of movement of solute along a 
concentration gradient. Hemodialysis is primarily diffusion 
occurring across a semipermeable membrane. Blood 
flows over a semipermeable membrane separating it from 
dialysate which is flowing in the opposite direction. Small 
molecules with greater velocity are more freely cleared as 


compared to larger molecules. Inversely water moves freely 


from an area of high osmolality to low osmolality. With 
large shifts of water across the membrane, some solute 
molecules may be pulled along with it, a phenomenon 
called solvent drag. . 

Convection is the process of solute clearance across a 
semipermeable membrane by hydrostatic pressure gradient. 
All solutes with size smaller than the membrane pore size 
are removed in a proportion equivalent to their plasma 
concentration. Thus, this method of fluid removal is termed 
hemofiltration or ultrafiltration. 


® VARIOUS MODALITIES 


The various dialysis techniques used in the ICU are 
hemodialysis, continuous renal replacement therapies 
(CRRTs), and peritoneal dialysis. 


Continuous Renal Replacement Therapy 


Continuous renal replacement therapy comprises of various 
dialytic modalities which differ in their mode of solute and 
water removal and duration of treatment. However, all 
are characterized by slow solute and fluid removal over a 
prolonged period of time. Solute removal is achieved by 
convection, diffusion, or a combination of both techniques. 


Types 


The various types of CRRT include: 

e Continuous arteriovenous hemofiltration, hemodialysis, 
and hemodiafiltration 

* Continuous venovenous hemofiltration, hemodialysis, 
and hemodiafiltration 

e Slow continuous ultrafiltration. 


Continuous Arteriovenous Systems 


At the beginning of CRRT, arteriovenous systems were used 
which used to function on the pressure gradient between 
arterial and venous circulation for ultrafiltration to occur. 
However, since ICU patients were hemodynamically 
unstable with fluctuating arterial pressures, there was erratic 
and unreliable solute and fluid clearance. Also, this system 
required the long-term care of femoral arterial catheters. With 
the advent of advanced venovenous systems, arteriovenous 
systems have been gradually abandoned. 


Continuous Venovenous Systems 


They are of three types, viz., continuous venovenous hemo- 
filtration (CVVH), continuous venovenous hemodialysis, and 
continuous venovenous hemodiafiltration. 


Continuous Venovenous Hemofiltration 


It is a convective process where a pump drives blood 
through a hemofilter and hydrostatic pressures play a role 
in the generation of ultrafiltrate. Large volumes of water 
and essential solute lost in the filtrate need to be replaced. 
Replacement fluid not containing targeted solutes for 
removal is administered either before (predilution) or after 
the filter (postdilution). 


Continuous Venovenous Hemodialysis 


It is a diffusive process wherein two pumps are used which 
drive blood and dialysate through a hemofilter in opposite 
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directions. The blood flow rate is much higher than the © Hyperkalemia not responding to medical therapy: No 


dialysate flow rate in this countercurrent system. This helps specific potassium level has been defined to initiate RRT 
achieve complete balance in solute concentration across the in hyperkalemia. However, RRT is not initiated at serum 
membrane. The amount of ultrafiltrate produced is lesser potassium below 6.5 mmol/L 

than CVVH as the pressure gradient across the membrane is — « Hypermagnesemia, hypercalcemia 

reduced with infusion of dialysate. * Severe hypo-/hypernatremia 


e Drug overdose/toxins: Overdose/intoxications with 


Continuous Venovenous Hemodiafiltration dialyzable drugs (salicylate, theophylline, lithium, 


This modality combines diffusion and convection together methotrexate, methanol, and ethylene glycol) are relative 
into a single procedure. It uses high rates of ultrafiltration indications for RRT 

combined with countercurrent dialysate flow to enhance œ ‘Temperature control: Rarely, RRT is used in intractable 
solute clearance. hyperthermia as a method of cooling?! 


. 

Slow Continuous Ultrafiltration LAM DE 
As the name suggests, it is a slow continuous ultrafiltration, 
wherein a pump maintains blood flow at «100 mL/min 
through a hemofilter. Ultrafiltration occurs at a slow rate of | Compare to IHD, CRRT offers several advantages which 
around 100-300 mL/h. This modality has negligible effect on include that it is better tolerated by hemodynamically 
the biochemical profile of the patient as it primarily removes unstable patients as it causes less hypotension. As a result, it 
water which is in proportion to solute. Hence, itis commonly may support recuperation of kidneys from AKI. In addition, 
used in volume overloaded patients with an acceptable compared to IHD, it promotes greater solute clearance. Large 


Advantages and Disadvantages 


biochemistry profile. . volumes of fluid can be removed with CRRT. Continuous 

The differences between the various types of CRRT are — renal replacement therapy is also associated with lesser 

shown in the table 1. chances of dialysis disequilibrium syndrome as it does not 

cause drastic osmotic shifts. Some modalities, like CVVH, 

Indications may remove harmful immunomodulatory substances in 
patients with sepsis. 

The indications of CRRT are the same as those for intermittent - -However, it must be noted that CRRT also has certain 

hemodialysis (IHD) or slow low efficiency dialysis. They disadvantages. Firstly, it needs continuous anticoagulation. 

include: Anticoagulation can be systemic or regional. Systemic 


e Volume overload refractory to diuretic therapy. Itis seen anticoagulation with heparin can further complicate patient 
in around 30-70% cases of AKI in ICU. Itis associated with care with bleeding and heparin induced thrombocytopenia. 
increased risk of mortality and morbidity? Regional anticoagulation with citrate is considered safer as 

e Uremia: Overt uremic signs and symptoms like uremic it does not increase the risk of bleeding. Continuous renal 
pericarditis, encephalopathy, or uremic bleeding replacement therapy precludes patient mobilization and may 
diathesis are absolute indications to initiate RRT increase the risk of pressure sores and difficult to transfer 

e Metabolic acidosis refractory to medical therapy: In patients for - investigations. The commonest metabolic 
renal failure, there is fixed acid production. Recalcitrant abnormality associated with CRRT is hypophosphatemia. 
acidosis with a pH «7.15 is a common indication to Itis associated with loss of trace elements and may increase 
initiate RRT the risk of catheter related blood stream infection. 


TABLE 1 Various types of continuous renal replacement therapy 


Technique ` Physical principle | Blood flow Dialysate flow Filtrate | Renal flow ! Effluent ` Duration 
: : (mL/min) (mL/min) (L/day) : (L/day) : saturation (90) ` (h) 


| Slow continuous ultrafiltration | Convection <100 

| Continuous venovenous ; Convection 200-400 0 

: hemofiltration i i | 

! Continuous venovenous l Diffusion + some | 100-200 17-34 . 
"hemodialysis ; convection i ; 

: Continuous venovenous ; Diffusion + , 100-200 | 17-34 

! hemodiafiltration i convection i 
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* COST OF RENAL REPLACEMENT THERAPY 


Every treatment modality comes with a price. Critically ill 
patients with AKI not only consume a major chunk of the 
dwindling resources but also increase healthcare costs. 


Since no specific modality is considered ideal, the type of 
RRT preferred differs amongst countries.” A patient can bea 


suitable candidate for either modality.” Thus, cost may play 
a significant role when deciding which modality to choose. 
The cost of continuous and intermittent RRT differs and 
depends on various factors which can be broadly divided 
into two groups, i.e., direct costs and long-term costs. 
Direct cost may further be divided into cost of equipment, 
replacement fluids, anticoagulation, and nursing costs. 
Long-term costs include length of ICU stay, need for long- 
term dialysis, quality of life, and effect on mortality. Another 
facet to cost of therapy is related to adverse events arising 
during treatment. These events could range from fluid and 
electrolyte abnormalities-to acid base disorders, medication 
overdoses, and dietary restrictions. Hence, it is essential 
to incorporate these factors while estimating the cost for 


managing AKI. 


Direct Costs 


Nursing Costs 


On the face of it, it would seem that the nursing costs would 
be higher for patients on CRRT, as it is a more labor intensive 
therapy. However, nursing practices with respect to RRT 
differ amongst different countries and within regions of 
the same country which would impact the nursing costs. 
In many countries, intermittent renal replacement therapy 
(IRRT) is delivered by a hemodialysis nurse under the 


guidance and supervision of a nephrologist, while CRRT 


is delivered by ICU nurses under the guidance of a critical 


_ care specialist. The BEST Kidney investigators in their study 


in 2010 obtained and analyzed data from 44 centers across 
23 countries. They concluded that nursing costs with IRRT 
was greater compared to CRRT in most centers, except 
Southern America where CRRT was costlier?* A possible 
explanation to this difference could be the extra cost 
incurred to train a dialysis nurse and the need for an extra 
staff to troubleshoot and manage the dialysis machine. Since 
CRRT is mainly administered by an ICU nurse who tends 
to the patient, it saves the cost of an extra staff which could 
be a substantial financial relief. However, in India, both 
the forms of RRT are commonly administered by a dialysis 
nurse under the joint supervision of a nephrologist and 
intensivist. This is because of lack of training of ICU nurses to 
handle dialysis equipment. The training of ICU nurses could 
reduce the cost but would put additional responsibility on 
the staff. 


Dialysate and Replacement Fluid Cost 


Continuous renal replacement therapy is associated with 
higher fluid costs as compared to IRRT and is a major 
contributor to the overall cost difference between the two 
modalities. A part of this cost could be secondary to high 
volume CRRT (>25 mL/kg/h) performed at certain centers. 
The BEST investigators? estimated that decreasing the 
ultrafiltration flow rates to 25 mL/min would reduce fluid 
costs by approximately 43.3% and the overall cost of therapy 
by 19.5%. They further calculated that reducing the flow rate 
to «25 mL/kg/h would reduce total cost by a further 23.2%, 
The concern here is whether patient outcome is affected by 
reducing the flow rate. As per the Acute Renal Failure Trial 
Network (ATN) study and the Randomized Evaluation of 
Normal versus Augmented Level (RENAL) Replacement 
Therapy Study, higher effluent flow rates of 35 and 40 mL/ 
kg/hwere not associated with any survival benefit.**” Hence, 
reducing the flow rate to 25 mL/kg/h could be an effective 
cost-saving strategy whenever there is a need for CRRT. 


Anticoagulation 


The extracorporeal circuit used during dialysis activates the 
coagulation system and hence, anticoagulation is needed 
to prevent clotting in the circuit. The type of anticoagulation 


used depends on the RRT modality and the patient profile. - 


Usually, IRRT requires intermittent, while CRRT requires 
continuous anticoagulation. The most commonly used 
anticoagulant during dialysis is heparin (unfractionated 
or low molecular weight heparin). Sometimes, regional 
anticoagulation with citrate is used in cases of CRRT. Even 
though the dose of anticoagulant used in CRRT is higher due 
to its continuous administration, the BEST investigators? 
showed that the difference in cost for anticoagulation 
between CRRT and IRRT was not significant. One exception 
to this was Japan, where the anticoagulation cost for CRRT 
was much higher than for IRRT. This difference was because 
50% of the patients received a serine protease inhibitor called 
nafamostat mesylate for anticoagulation.? Since this drug is 
much more expensive than unfractionated or low molecular 
heparin anticoagulation, it contributed significantly to 
increased cost of CRRT in Japan. 


Extracorporeal Circuit Cost 


The extracorporeal circuit comprises vascular access with 
indwelling venous catheter, blood lines, a pump driven blood 
circuit, and dialyzers. The cost and maintenance of a CRRT 
machine is much higher than the cost of a hemodialysis 
machine. A study by Mehta et al. showed that the material 
costs for CRRT were significantly higher than the costs for IHD. 
A major portion of this expense was attributed to the dialysate 
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used which attributed to about 33% of the total cost of CRRT.?? 
An Italian study also showed that CRRT was 12% costlier than 
IHD with about 79% attributed to material cost.” 


Long-term Costs 


Length of Intensive Care Unit Stay 


It might be difficult to directly correlate the ICU length of stay 
with the type of RRT used. A trial by Rauf et al.*! showed that 
the mean adjusted length of ICU stay was 9.5 days shorter 
with IHD compared to CRRT. However, it should also be 
understood that CRRT is used in decompensated patients 
who are hemodynamically unstable and are on vasopressors 
with high ventilator requirements. So was the case in the 
study by Rauf et al. Patients with multiorgan failure will 
obviously have longer ICU stays compared to less critically ill 
patients. 


Effect on Mortality 


The debate over which modality is superior, CRRT or IRRT, is a 
never-ending topic. Some research shows that CRRT is better 
than IRRT.?-^ However, multiple studies have concluded 
that the type of modality used for managing patients with 
AKI, does not affect the overall mortality. A multicenter trial 
conducted by Vinsoneau et al., did not show a survival benefit 
at60 days between the CRRT and IHD group:? Similar results 
were found by Pannu et al., with no difference in all-cause 
mortality in 7 randomized controlled trials (RCTs).55A meta- 
analysis of 9 RCTs showed no correlation between the type 
of RRT modality and mortality. Rauf et al. too concluded 
that the type of RRT method used did not show any difference 
in terms of renal recovery or mortality (both inhospital and 
postdischarge).! Thus, which modality to choose would 
depend on patient characteristics, disease decompensation, 
and physicians' preference. 


Need for Long-term Dialysis 


Even though a large number of patients initiated on dialysis 
during acute therapy recover, a significant few do need 
dialysis at hospital discharge. Possible reasons could be the 
slow recovery of kidney function or in some cases, permanent 
loss of kidney function. As per the BEST Kidney trial, around 
13% of patients with AKI needed dialysis at discharge — 
Similarly, other studies have also showed that about 10- 
30% of patients initiated on RRT inhospital needed further 
dialysis treatment after discharge.**“? Several factors have 
been identified which may increase the chances of requiring 
long-term dialysis, but the role of initial mode of RRT is still 
unclear. Previous literature suggested that the initial modality 
may not have an effect on renal recovery as an independent 
variable.*” However, results from more recent trials suggest 
that long-term dialysis dependence may be lower in patients 


who were initially managed by CRRT. A study by Olivier et al.5° 
compared the use of initial CRRT and IRRT with long-term 
dialysis dependence and analyzed it from an economical 
perspective. They concluded that initial use of CRRT in AKI 
patients was cost-effective as compared to initial IRRT as it 
reduced the need for long-term dialysis. A recently published 
meta-analysis by Schneider et al. also showed that higher 
rates of dialysis dependence was seen when patients were 
initially managed with IRRT as compared to initial CRRT.9! 
Similarly, a retrospective study by Wald et al. also confirmed 
the above results with the need for chronic dialysis lower in 
patients who received CRRT as the initial RRT modality as 
compared to IRRT.? 


Quality of Life 


An important aspect of any therapy is to achieve the best 
possible quality of life for the patient. Even if on long-term 
dialysis, the patient should not become a burden on his 
family. This may directly and indirectly increase the long- 
term costs associated with RRT. Multiple studies have been 
conducted on cost-effectiveness, of RRT modality and its 
impact on the quality of life and most of them have suggested 
that initial CRRT may be associated with some improvement 
in long-term quality of life.55*4 


ij CONCLUSION 


Data from several studies have shown that the choice of 
initial! mode of RRT may not have an impact on length of 
ICU stay or short-term mortality. Hence, other factors must 
decide which mode of RRT to be initiated for a particular 
patient. In a country like India, limited healthcare resources 
and cost of therapy are always important factors to consider 
whenever taking such decisions. Even though several studies 
have shown that CRRT may be more expensive compared to 
IRRT, when you factor in long-term costs, it might be more 
cost-effective. Reduced long-term dialysis dependence 
and better quality of life associated with CRRT, may make 
it a better option. Moreover, several measures, like better 
manpower management, choosing the right anticoagulation, 
and reducing the rate of dialysis dose delivery, may all 
significantly reduce the initial costs of CRRT and make it a 
much more financially viable. 
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à INTRODUCTION 


Death declaration is a medicolegal debate. In earlier days, the 
determination of death simply involved the documentation of 
loss of vital signs. However, modern life support systems now 
maintain the cardiorespiratory functions long enough, even 
after the brainstem functions have terminated irreversibly. 
Thus, the current concept of cardiopulmonary definition of 
death has lost its real meaning in favor of the brain death. At 
present, brain death is defined as an irreversible cessation of 
all functions ofthe brain; including the brainstem. The three 
essential prerequisites for brain death include apnea, absence 
of brainstem reflexes, and coma. The lack of awareness and 
the medicolegal doubts further delays the prompt declaration 
of brain death, and adds to the needless load on the life 
supporting capabilities of medical care facilities. In this 
segment, the authors would highlight the historical aspects, 
anatomical and physiological basis, current controversies, 
and the recommendations regarding the diagnoses of brain 
death in India.! 


! HISTORICAL INSIGHT"? — 


The medicolegal and ethical aspects of brain death, bed 
closely interrelated to organ transplantation, are unfamiliar 
to common people, even to majority of healthcare physicians 
in India. In early 90s, the first legal recommendations 
defining the guidelines for brain death certification were 
passed by Indian parliament, similar’to the United Kingdom 
laws related to human organ donation. It included two acts, 
commonly described as the "Transplantation of Human 
Organs Act, 1994" (THO Act) and the "Transplantation 
of Human Organs Rules, 1995" (THO Rules) Recent 
amendments in the above act (THO Amendment, 2011) have 
included four other specialties, eligible for certifying brain 
dead (Box 1). The same amendments have been notified 
recently under the "Transplantation of Human Organs and 
Tissues Rules (THOTR), 2014" 
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Most ofthe Indian states have enacted these laws with an 
exception of a few. These are empowering legislation as far 
as deceased donor transplantation is concerned. However, 
till recently, there was no established procedure or guideline 
to deal with situations that arises when brain death occur in 
hospitals that are not registered under THO Act and Rules, 
even when the families wish to give consent to donate the 
organs of their deceased family member. Maharashtra has 
been the first state to pass a legislature (Resolution, 2012) in 
this aspect, laying down recommendations and procedures 
for declaration of brain death by any healthcare facility ofthe - 
State. This notification has highlighted the accountability of 
hospitals registered under the THO Act, 1994 as authorized 
transplant centers. As majority of brain death cases occur 
in nontransplant hospitals, it has made "Director of Health 
Services" accountable for registration of all hospitals having 
a facility of an operation theater and intensive care unit, 
and has defined them as "Non-Transplant Organ Retrieval 
Centers" (NTORC). These healthcare facilities have been 
permitted to certify brain death as per guidelines. They may 
also perform organ retrieval for therapeutic purposes but 
are prohibited from performing actual transplantation. It 
is now obligatory for all NTORCs and transplant centers in 
the State to certify and notify the brain death cases to "Zonal 
Transplantation Coordination Committee" 


Box 1: Details of Amendments made in Transplantation 
of Human Organ Act 2011 and Transplantation of Human 
Organs and Tissues Rules, 2014 : 
Surgeon/Physician/Anesthetist/Intensivist may be a member of 
medical board for brainstem death certification 


Mandates to have a duly signed, written approval from the 
parents of the deceased or near relatives (authorized by parents) 
for any organ retrieval 


“Form 8” (format for brain death certification) has been 
recategorized as “Form 10° under new rules 
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Kerala state‘has also recently mandated the notification 
of brain dead cases (G.O. No.36/2012), though restricted to 
medical care facilities registered as Transplant Centers in the 
state. The Director of Medical Fducation and Health Services 
has been directed to periodically organize the awareness 
workshops on the provisions of such resolution. These are 
firm initiatives to streamline the system for brain death 
certification and human organ retrieval. However, a proper 
medicolegal structure for certification of brain death is still a 
long way ahead in India in absence of consensus among the 
different states for having a precise legislature for the above 
procedure. 


2 ANATOMICAL AND 
| PHYSIOLOGICAL BASIS OF BRAIN DEATH 


The brainstem consists of the midbrain, pons, and medulla. 
It accommodates lower ten cranial nerve nuclei, reticular 
formation, vital centers like cardiac, respiratory nuclei, and 
provides passage to nerve bundles from higher centers of 
consciousness, perception, orientation, eating behavior, and 
cognition. The functionality of brainstem is examined by 
observing spontaneous respiratory activity, consciousness, 
and integrity of cranial nerves. Consciousness is a sense of 
wakefulness and awareness being regulated by reticular 
formation in close association with cerebral cortex. 
Cerebral cortex integrity is determined by assessing 
electrical activity of brain by electroencephalogram (EEG), 
lack of verbal response, and absence of spontaneous or 
coordinated eye movements. Common causes of brain 
injury frequently precipitating irreversible coma comprise 
trauma, hemorrhage, ischemic stroke, or hypoxic-ischemic 
encephalopathy. Any damage to the neuronal tissue leads 
to cerebral ‘edema, hydrocephalus, and rise in intracranial 
pressure (ICP). This in turn reduces the cerebral perfusion, 
leading to a vicious cycle if not intervened, precipitates as 
brain herniation and the brainstem is irreversibly rendered 
nonfunctional. f 


i CURRENT RECOMMENDATIONS (INDIA): 
i£ WHO SHOULD DECLARE BRAINSTEM 


3, DEATH??? 
In India, the THO Act (1994) and the THO Rules (1995), 
are the only legislations wherein brain death certification 
procedures have been laid down, though a minor addition 
has been made in THO Amendment, 2011. The "Form 8" 
of the above laws has been documented as brain death 
certification format, which has to be utilized for any official 
purpose. It has recently been recategorized as "Form 10" 
under the rule 5(4c) and 5(4d) of “THOTR, 2014" without any 
further modification. 
The brain death certification requires two serial medical 
examinations, carried out by a team of predefined doctors at 
aminimal interval of 6 hours to make sure that there has been 
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no observer error and perseverance of the clinical condition 

is documented. The final decision is made by a board of 

medical experts, defined as “Brain Stem Death Certifying 

Board” (BSD) based on the examination findings and the 

tests prescribed therein. The TIO Act and Rules prescribe 

a board of BSD experts consisting four doctors, defined as 

follows: 

1. Medical expert no. 1 is a registered medical practitioner 
(RMP), who is incharge/head of the hospital where brair: 
death has to be certified. Registered medical practitioner 
is defined as an allopathic doctor with MBBS or equivalent 
degree registered under the Medical Council of India Act 

2, Medical expert no. 2 is an independent RMP nominated 
from the panel of names approved by the appropriate 
authority. The panel of names has to be proposed by 
the Medical Superintendent/Director of the hospital 
through the District Medical Officer to the Core 
Coramittee for Cadaver Transplantation (CCCT) and on 
clearance is then adopted as the panel from which an 
RMP is selected for each brain death certification. Each 
healthcare facility may elect a separate panel of names 
for this responsibility 

3. Medical expert no. 3 is an RMP, "neurologists/neuro- 
surgeon" by specialty, nominated from the panel of 
names approved by the appropriate authority. Again, a 
similar procedure is followed to get the clearance from 
CCCT and thereafter, one specialist as in the category 
therein is nominated for each brain death certification. 
Each healthcare facility may adopt its own practice for 
this responsibility. A recent amendment under THOTR, 
2014 has permitted the nomination of a surgeon/ 
physician/anesthetist, or intensivists, if a neurosurgeon 
or neurologist is unavailable. This is aimed to ease the 
pressure on neurologists/neurosurgeons, thus improving 
the certification rate and organ pool. 

4. Medical expert no. 4 is an RMP treating the deceased 
person (no approval is required from the appropriate 
authority for this expert). 

5. Expert no. 2 and 3 should not be a part of the hospital 
where the brainstem death patient is being treated 

6. The 1 and 2™4 deceased medical examination as defined 
in the THO Rules is to be conducted by no. 2and 3 medical 
experts from the panel approved by the appropriate 
authority. 


; CURRENT RECOMMENDATIONS (INDIA): 

@ CRITERIA FOR DIAGNOSING BRAINSTEM 
D kode, ae 
All the observations made during both clinical examinations 
including the patient details, underlying diagnosis, and 
the date of onset of illness and irreversible coma, have to 
be documented on the prescribed format (Form 8) and 
duly signed by the team of prescribed medical experts. ‘The 
medical team must make meticulous efforts to inform the 
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first degree relative about the procedure for determining 
brain death and ask about willingness for deceased organ 
donation (if diagnosis is confirmed) which should be 
documented. The THOTR (2014) now mandates a duly 
signed-written approval from the parents of the deceased or 
near relatives (authorized by parents) for any organ retrieval. 

This is to ensure willingness of the deceased relatives for 

organ donation. 

The clinical diagnosis of brain death requires three 

criterions to be fulfilled which are detailed as follows: 

1. A state of irreversible coma having clinical evidence 
of an acute central nervous system catastrophe that 
is compatible with the clinical diagnosis of brain 
death. Any cause of reversible coma including drugs, 
toxins, hypovolemic shock, hypothermia, metabolic or 
endocrine disorders, etc., have to be ruled out 

2. Allbrainstem reflexes should be absent during complete 
neurological examination involving following tests: 

o Absent pupillary reflex (to direct and consensual 
light); Pupils need not be equal or dilated. 
Confounding factors, such as eye trauma, cataracts, 
dopamine, atropine, scopolamine, or monoamine 
oxidase inhibitors, should be ruled out 

o Absentcorneal reflex: It is performed by touching the 
cornea with a piece of tissue paper, a cotton swab, or 
squirts of water. No eyelid movement should be seen 

o Absent oculocephalic reflex (Doll's head eye 
maneuver): It is defined as the absence of conjugate 
deviation of eyes to the opposite side when head is 
fully rotated to one side. It is performed only when 
there is no documented fracture or instability of the 
cervical spine 

o Absent oculovestibular reflex: It is performed by 


irrigating each ear with 50 mL of ice water (caloric 


testing) after the patency ofthe external auditory canal 
is confirmed and the head is elevated to 30°. Positive 
response includes either nystagmus or deviation of 
eyes. Movement of the eyes should be absent during 
1 minute of observation. Both sides are tested at an 
interval of several minutes 

o Absent pharyngeal (gag) reflex: Pharynx is stimulated 
by a tongue blade or suction device 

o Absent tracheal (cough) reflex: The suction catheter 
should be inserted into the trachea and advanced 
to the level of the carina to be followed by 1 or 2 
suctioning passes : 

o No motor response to stimulation within any.cranial 
nerve distribution, including face, limb, and trunk 
(e.g, absence of facial movement to supraorbital 
pressure) 

3. Apnea: Patient should be on invasive mechanical 
ventilation because of the absence of spontaneous 
respiratory drive. All reversible causes of apnea including 
neuromuscular blocking agents, acid-base electrolyte 
disorders, and intoxication, should be ruled out 


4. Whole of the above examination has to be repeated 
after minimum interval of 6 hours. In pediatric patients 
(«12 years of age) the time interval may be increased 
depending on the opinion ofthe experts 

5. Apnea test: Absence of respiratory drive has to be further 
confirmed by performing “apnea test" 


Current Recommendations (India): Apnea Test 


e Timing: The first apnea test should be performed only 
after 4 hours of documentation of the coma associated 
with absence of brainstem reflexes. In the case of anoxic 
brain damage, this period should be delayed to 12 hours 

e Prerequisite: Patient should have a core body temperature 
above 36°C, euvolemia, eucapnia (PaCO, 35-40 mmHg), 
a systolic blood pressure (SBP) 290 mmHg, absence 
of hypoxia, and no prior evidence of carbon dioxide 
retention 

* Preparation: The patient should be hyperoxygenated with 
100% oxygen for 15 minutes (preoxygenation to PaO, >200 
mmHg) while still on ventilator, prior to disconnection. 

_ The medical expert involved in certifying the brain death 
should be present during the ventilator removal, to 
document the presence of apnea, if observed. A blood gas 
analysis or the end-tidal carbon dioxide trends should be 
utilized to ascertain the adequacy of baseline variables 
prior to performing the test 

e Procedure: After disconnecting the ventilator, patient is 
placed on 100% oxygen delivered via a catheter placed 
close to carina through the endotracheal tube, with 6 L/ 
min continuous oxygen flow for a variable period of 
observation, usually 3-8 minutes. During this period, 
the patient is observed for any respiratory movements 
(defined as abdominal or chest excursions), SpO,, SBP, 
and electrocardiographic changes. If respiratory efforts 
are observed, test is considered negative. The procedure 
is aborted if the patient develops cardiac arrhythmia, 
SpO, values falls <90% or SBP becomes «90 mmHg. Such 
patients are immediately connected to the ventilator 
and blood gas analysis is repeated. Similar protocol is 
followed after the period of observation, if no respiratory 
efforts are observed 

e Results: Test is considered positive if the post-test blood 

gas values reveal arterial PaCO, 255 mmHg or rise of 

215 mmHg over the baseline values. The testis considered 

incontlusive for any lower PaCO, values. Test may be 

repeated for a longer period (10-15 min) for all such 
patients who are hemodynamically stable; otherwise 
confirmatory tests may be utilized, if advocated. 


Current Recommendations (India): 
Confirmatory tests!722 


The certification of brain death is purely based on the clinical 
examination in India. Neuroimaging evidence or the other 
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ancillary tests are not a diagnostic prerequisite nor are 

medicolegal necessity. If there is any disagreement or doubt 

among the members of medical panel, these tests may be 
advised to confirm the diagnosis. The various confirmatory 
tests advocated across the globe are cerebral angiography, 

EEG, transcranial Doppler nuclear brain imaging 

(technetium-99m scan), or somatosensory/brainstem 

auditory/visual evoked potentials. Computed tomographic 

or magnetic resonance angiography, though included by 
some guidelines, have no consensus. 

* Cerebral angiography: Especially a four-vessel angiogram, 
demonstrating the absence of intracerebral filling at 
the level of the carotid bifurcation or circle of Willis, 
this remains the gold standard ancillary test among the 
various prescribed techniques 

. © Electroencephalogram: In spite of some major 
constraints with acid base disorders, hypothermia, etc., 
EEG still remains the most popular supplementary test 
for confirmation of brain death worldwide. The diagnosis 
is confirmed by documenting the absence of electrical 
activity during at least 30 minutes of EEG recording 

* Radionuclide technetium-99 m scan: It confirms the 
diagnosis by demonstrating absence of isotope uptake in 
brain. parenchyma (hollow skull phenomenon) in brain 
death 

e Somatosensory evoked potentials: Bilateral absence of 
N20-P22 response on median nerve, nasopharyngeal 
stimulation, etc. has also been advocated in the evaluation 
of brain death l 

* Transcranial doppler: Brain death is confirmed by 
demonstrating small systolic peaks in early systole 
without any diastolic flow, or reverberating flow in 
the cerebral circulation indicating very high vascular 
resistance associated with increased ICP. On account 
of skull thickness, nearly 10% of patients may not have 
temporal insonation window, a major limitation in using 
Doppler signals for the diagnosis of brain death. 


$ GUIDELINES FOR 
BRAIN DEATH: CONTROVERSIES?» 


Despite worldwide consensus of utility of brain death, 
variation in concept, clinical guidelines, and ancillary 
tests persist throughout the globe. Many guidelines do not 
consider pupillary dilation and equality as a necessity. There 
is also wide variation in the acceptance of oculocephalic 
reflex considering its lower sensitivity in brain injury 
patients. Other guidelines do not require a second medical 
examination, and if at all performed, there is lack of 
-unanimity on when it should be repeated. The qualification, 
experience, and number of medical experts required for 
brain death certification also vary widely. Core temperature 
threshold for performing apnea test also vary widely from 
32.2 to 36.0°C among different guidelines. There are also 
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considering a specified PaCO, target, while others only 
document disconnection of ventilator for a specified period 
to observe respiratory movements only. 

In India, it is brainstem death and not brain death which 
is a legal necessity. Hence, theoretically, it is possible that a 
patient is certified brain dead as per rules, although the EEG 
may be demonstrating some cortical activity. Furthermore, 
the current Indian legislature is silent on two other scenarios. 
First, ifthe relatives deny for the organ donationina brainstem 
dead certified patient, whether the life support systems can 
be disconnected and patient be certified dead. Second, if the 
relatives request to have some time to decide about the organ 
donation during which patient develops cardiac arrest, the 
time to be documented for death declaration is unclear. 


&, CONCLUSION 


The distinction and unanimity on the concept of brain death 
is the need of the hour, considering the wide shortage of 
human organ donations and acute rise in the medicolegal 
cases against the medical fraternity, all across the globe. 
Wide variations in the clinical guidelines and practical 
inconsistencies closely relates to the nonacceptance and 
unawareness on such an important aspect of medical care. 
The existing laws need a peer refinement and updation to 
deal with the newer challenges encountered during the 
clinical practice, taking advantage of the advancement in the 
medical investigations. Uniform guidelines and updated laws 
will not only promote the wide acceptability and applicability 
of brain death certification, but will also ensure better 
availability of potential organ donors. 
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4 INTRODUCTION 


Hypertension is a major risk factor for all strokes. Although 
control of chronic hypertension remains a necessary 
intervention for prevention of stroke, the role of control of 
blood pressure (BP) in acute strokes is still unclear. Three 
quarters of patients with acute ischemic stroke have elevated 
BP at presentation, of which about half have a history of 
hypertension. Among the patients with acute intracerebral 
hemorrhage (ICH), 46-75% present with high systolic blood 
pressure (SBP). The cause of this acute hypertension during 
stroke may be due to the siroke itself or from pain, discomfort 
(e.g. from urinary retention), anxiety, etc. Blood pressure 
declines spontaneously over the first week after stroke onset 
and returns to prestroke levels in two thirds of patients.!” 
Persistent elevation of BP in acute stroke can increase 
the size of hematoma in ICH, cause edema with increased 
intracranial pressure (ICP) at the site of the stroke, or cause 
hemorrhagic transformation of infarctions. On the other 
hand, a rapid and substantial reduction in BP may reduce 
cerebral pérfusion pressure (CPP) and increase ischemic 
areas. In fact, the increased BP in acute strokes may be a 
reflex response to increase CPP. Hence, the treatment of 
hypertension in acute stroke remains an evolving science. 
Physicians must approach with prudence while managing 
hypertension in acute strokes, keeping in mind: 
* The type of stroke (ischemic/hemorrhagic) 
e The level of hypertension 
e ‘The patient's past history of hypertension 
¢ The physiology of brain circulation in acute stroke. 


& CEREBROVASCULAR PHYSIOLOGY"? 


The general formula for cerebral blood flow (CBF) is as 
follows: i 
CBF = (ABP — ICP)/CVR 
(ABP = Arterial blood pressure, CVR = Cerebral vascular 
resistance} 


CPP = ABP — ICP or CVP (whichever is higher) 

(CVP = Central venous pressure} 

Since neurons are highly dependent on adequate 
substrate delivery in order to maintain viability, CBF is 
tightly controlled. The brain maintains a constant CBF at 
approximately 50 mL/100 g/min despite large changes in BP 
and CPP. When BP increases, cerebral vessels constrict and 
CVR increases in order to maintain a constant flow. When 
BP decreases or ICP increases, the vessels dilate and CVR 
decreases to keep CBF constant. The cerebral autoregulation 
is effective in a mean arterial pressure (MAP) range of 50- 
150 mmHg in normotensive individuals. The relationship 
of CBF with systemic arterial pressure remains essentially 
nonlinear. That is to say the CBF depends on ABP, but does not 
increase or decrease in proportion to the increase or decrease 
in ABP. This nonlinear relationship between ABP and CBF is 
due to several associated factors, like autoregulation of the 
intracerebral blood vessels, and an intricate relationship 
between cardiovascular and cerebral vascular systems, ICP, 
autonomic nervous system and neurohumoral transmitters. 

When BP falls below the lower limit of autoregulation, 
CBF becomes completely dependent on CPP and thus, 
systemic blood pressure. The CBF in that case, becomes 
compromised. 

The three main systems which control CBF are: 

l. Cardiovascular system: The CBF depends on the systemic 
blood pressure which in turn depends on cardiac output 
as well as systemic: vascular resistance. CBF is again 
related to cardiac output independent of the systemic 
blood pressure. Although, as already pointed out, the 
relationship between systemic arterial pressure and CBF 
remains nonlinear. 

Intracranial pressure: As the skull in a rigid structure 
any rise in the pressure in any of the compartments 
of the brain, like vascular (raised ABP, neck position), 
cerebrospinal fluid (hydrocephalus) or brain parenchyma 
(trauma, ICH, space-occupying lesion), will raise the ICP 
and can decrease the CPP, which in turn will reduce CBE. 
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3. Cerebral vascular system: There is a considerable 
regulation of CVR, mainly at the level of intracerebral 
arterioles, but also at the level of arteries, veins and 
capillaries. This autoregulation allows the brain to 
maintain satisfactory CBF, over a wide range of ABP. The 

| cerebral autoregulation is mediated by mediators which 
may be carried by blood (like carbon dioxide), produced 
locally at synapses or released by autonomic nerves. 
Dynamic cerebral autoregulation is the physiologic 
process that maintains CBF relatively constant in the face 
of beat-to-beat BP changes. Static cerebral autoregulation 
refers to CBF adjustments in response to more prolonged 
BP changes and is a measure of the overall efficiency of 
the system.® 
Normal cerebral cortical blood flow is 50 mL/100 g 

tissue per minute; If this falls below 20 mL/100 g/min, there 
is impairment of the neuronal tissue, but still they remain 
salvageable. If the blood flow falls below 10 mL/100 g/min, 

there is irreparable damage to the neuronal tissues within a 

few minutes. 
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lg EVIDENCE OF INFLUENCE 
OF THE BLOOD PRESSURE ON 
4 THEOUTCOMEOFACUTESTROKES — 


Lowering BP in people suffering from chronic hypertension 
reduces the risk of stroke. Epidemiological studies have 
' "shown that for each 10 mmHg lower SBP, there is a decrease 
in risk of stroke of approximately one-third in persons aged 
60-79 years. This association continuous to levels of at least 
115/75 mmHg and is consistent across gender, regions, 
stroke subtypes, and for fatal and nonfatal events. Lowering 
diastolic blood pressure (DBP) was once the main target to 
achieve reduction of stroke and other cardiovascular event, 
but SBP has now become the target. As recently shown, even 
the elderly with sustained SBP elevation may gain from BP 
reduction in relation to less fatal or nonfatal stroke, death, 
and heart failure. 
Although the role of longer-term BP control to improve 
outcomes in patients with stroke is undisputed, BP manage- 
ment immediately after a stroke remains controversial. 


3 INFLUENCE OF HIGH SYSTOLIC 

BLOOD PRESSURE ON ACUTE 

& INTRACEREBRAL HEMORRHAGE — 

Acute rise in BP after an ICH occurs in 46-75% of patients. 
Aserious concern in the setting of intracerebral hemorrhage 
is that BP elevation could result in hematoma expansion, 
increase in surrounding edema, and early rebleeding 
into the brain. There is growing evidence supporting a 
relationship between hematoma volume and poor outcome 
in intracerebral hemorrhage. Although the increase in BP 
is a major risk factor for intracerebral hemorrhage, high BP 
during acute stroke is not a consistent predictor of hematoma 
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growth. Also, it has been reported that acute intracerebral 
hemorrhage can evolve without a perihematomal ischemic 
penumbra. In the Stroke Acute Management with Urgent 
Risk-factor Assessment and Improvement (SAMURAI)- 
ICH study (a prospective, multicenter observational study 
enrolling 211 patients with ICH from 10 Japanese stroke 
centers), it was found that the mean SBP was higher in 
patients with unfavorable outcomes [139 (134—143) mmHg] 
than with favorable [137 (131-141) mmHg] outcomes (p = 
0.012) . It was also observed that every 10 mmHg increment of 
mean achieved systolic blood pressure (aSBP) was associated 
with a 4.5-fold increase in neurological deterioration, a 1.8- 
fold increase in hematoma expansion, and a 2-fold increase 
in unfavorable outcome after multivariate adjustment. 

In another European trial of 117 patients of early onset 
supratentorial ICH (onset «6 h) and high SBP, which was 
defined by the proportion of time when SBP was »180 
mmHg and/or MAP >130 mmHg, was associated with 
hematoma growth. Both high SBP and BP variability were 
associated with early neurological deterioration. On the 
other hand, in a pooled analysis of 218 patients within 3 
hours. of the onset of symptoms, hematoma volume was 
measured at presentation and 20-24 hours later. Percentage 
hematoma growth, initial ICH volume, Glasgow Coma Scale 
(GCS) score, and presence of intraventricular hemorrhage 
were all associated with increased mortality; however, 
BP was not. In patients with intracerebral hemorrhage, 
excessive reduction of BP may result ina new ischemic 
stroke or perihematomal ischemia. In that case, a marked 
reduction in BP could be followed by a significant decrease 
in blood flow to penumbra zone? The argument against 
lowering BP in acute ICH is based on the possible existence 
of a perihematomal ischemic zone. Particularly, chronic 
hypertensives (due to a shift in the autoregulatory curve) 
and patients with increased ICP (due to lowered CPP) may 
develop cerebral ischemia if BP is acutely lowered. Recent 
studies, however, indicate that low blood flow around the 
hematoma may be a consequence of reduced cerebral 
metabolism in this area rather than a primary reduction of 
blood flow.‘ 


8 INFLUENCE OF THE HIGH SYSTOLIC BLOOD 
4| PRESSURE ON ACUTE ISCHEMIC STROKES _ 


High BP (>140/90 mmHg) is seen in 75% of patients with 
acute ischemic stroke. The reasons for acute hypertensive 
response in the setting of acute ischemic stroke are still not 
very well understood. 

The first International Stroke Trial found a "U-shaped" 
relationship between SBP (measured, on average, 24 h after 
stroke) and outcome in patients with ischemic stroke, where 
both high and low SBP were independently associated with 
poor outcome. In this trial, early death increased by 17.9% for 
every 10 mmHg below 150 mmHg of SBP (p «0.0001), and by 
3.896 for every 10 mmHg above 150 mmHg (p - 0.016). Also, 
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the recurrence of stroke within 2 weeks increased by 4.296 for 


` every 10 mmHg increase in SBP (p =0.023). Early recurrence of 


stroke was associated with unfavorable outcome, thus linking 
BP at admission with increased rate of death or dependency 


at 6 months. The lowest frequency of poor outcome occurred 


in patients with a baseline SBP of 140-179 mmHg, with the 
nadir around 150 mmHg. 

Mortality possibly caused by brain edema was 
independently associated with high SBP (p = 0.004). On the 
other hand, alow SBP was associated with severe stroke (total 
anterior circulation syndrome). The Virtual International 
Stroke Trials Archive (VISTA) collaboration suggested that 
large variability and high levels of SBP in the hyperacute 
stages of ischemic stroke were associated with high incidence 


of severe neurological events and major neurological - 


disability outcome. 


i INTERVENTIONS FOR ALTERING 


B BLOOD PRESSURE IN ACUTE STROKE — 


Intracerebral Hemorrhage 


Intensive Blood Pressure Reduction m Acute Cerebral 
Hemorrhage Trial (INTERACT) was a small, pilot trial of 
404 patients, mostly hypertensives with mild to moderate 
ICH and an initial SBP of 150-220 mmHg. Patients were 
randomized to early intensive treatment with intravenous 
antihypertensive drugs or as per recommended existing 
guideline, within 6 hours of the acute event. The goal of the 
intensive antihypertensive treatment was to lower SBP to 
<140 mmHg within 1 hour of randomization and maintain 
that level for the next 7 days or until hospital discharge. 
The goal for the guideline group was to reduce SBP to <180 
mmHg. For this purpose, oral antihypertensives or topical 
nitrates were prescribed to all participants within 7 days 
of the acute stroke. The lower limit of SBP to withdraw 
intravenous antihypertensive drugs was 130 mmHg. In both 
groups, the combination of a diuretic and an angiotensin- 
converting enzyme inhibitor was prescribed. The main 
results of INTERACT suggested that in patients with 
spontaneous intracerebral hemorrhage, the rapid lowering 
of SBP attained with the intensive protocol is reasonably 
efficient and safe. Additionally, intensive antihypertensive 
treatment seemed to lessen the growth of intracerebral 
hemorrhage when compared with a more conservative BP 
management. However, there were no difference between 
both antihypertensive strategies on the mortality and 
dependency, or in stroke recurrence at 3 months. 

A small trial (211 patients) on ICH with SBP 2180 mmHg 
and presenting within 3 hours of the onset of symptoms 
where the patients were divided into SBP quartiles. The results 
showed that the patients with lowest mean aSBP quartile 
had a lower rate of neurological deterioration, hematoma 
expansion, and unfavorable outcome compared with those 
in the highest quartile.’ 


The larger version of the INTERACT trial, INTERACT II 
included 2,839 patients with mild spontaneous intracerebral 
hemorrhage and SBP in the range of 150-220 mmHg up to 6 
hours (median, 4 h) after stroke onset. The patients enrolled 
had a score greater than 5 on the GCS. At 1 hour after 
randomization, mean SBP was 150 mmHg in the intensive- 
treatment group and 164 mmHg in the standard-treatment 
group. The results showed that larger SBP reductions in the 
acute phase of ICH are associated with lower risks of a poor 
outcome, defined by the combination ofeither death or major 
disability. This relationship is consistent for-BP reduction in 
the hyperacute and acute phases of ICH, and whether the 
baseline SBP is above or below the conventional SBP target of 
180 mmHg. These data reinforce potential beneficial effects 
of rapid lowering of elevated SBP within the first few hours 
after presentation, but also for consistent and sustained 
control of SBP over the subsequent week in ICH, irrespective 
of SBP level at presentation. 

The Intracerebral Hemorrhage Acutely Decreasing Arterial 
Pressure Trial (ICH ADAPT), a multicenter, randomized, 
prospective study reported that rapid intravenous anti- 
hypertensive therapy with labetalol, hydralazine or 
enalaprilat after moderate volume intracerebral hemorrhagic 
stroke with an SBP target of <150 mmHg or <180 mmHg 
within 24 hours, was safe and did not reduce perihematoma 
CBF in 2-hour period. 

Antihypertensive Treatment of Acute Cerebral 
Hemorrhage II (ATACH II) trial studied 1,000 patients with 
supratentorial ICH with an SBP of 200.6 + 27 and GCS score 
>5 and presenting within 4.5 hours of symptom onset and was 
randomized (500 in each group) to intensive treatment group 
with a target SBP of 110-139 mmHg and a standard treatment 
group with a target SBP of 140-179 mmHg within 24 hours. 
The SBP was controlled with intravenous nicardipine, 
followed by intravenous labetalol, if necessary. There was no 
difference in primary outcome of death and disability. There 
were more renal adverse events in the intensive treatment 
group at 3 months. The patients were treated earlier than 
INTERACT II trial and they attained their target SBP better.*° 


Acute Ischemic Stroke 


The Intravenous Nimodipine West European Stroke Trial 
(INWEST),!° an acute ischemic stroke treatment trial testing 
the therapeutic effects of nimodipine (a calcium channel 
blocker) as cytoprotective therapy within 24 hours after onset 
of ischemic stroke, found that prominent reduction in BP in 
patients randomized to IV nimodipine was associated with 
worse clinical outcomes at 21 days. Statistically, significantly 
higher rates of death and disability were seen in association 
with a decrease in DBP >20% or a DBP <60 mmHg. 

In the candesartan for treatment of acute stroke (SCAST) 
trial,!! 2,029 patients presenting within 30 hours of an acute 
stroke were randomly allocated to receive candesartan 
versus placebo. Blood pressures were significantly lower in 
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Clinical diagnosis of acute stroke 


Emergent CT scan 


No intracerebral hemorrhage 


Intracerebral hemorrhage 


If SBP> 180 or MAP>130mmHg, 
reduce BP 
using short acting IV medications 
close neurological monitoring, 
ICP monitoring if needed 


Not a candidate for 
thrombolysis 


If BP2220/120mm/Hg, 
reduce using short 
acting IV drugs 


Candidate for 
thrombolysis 


If BP2180/110mm/Hg, 
reduce using short 
acting IV drugs 


Oral medications may be started after first 24 hours. more 
aggressive BP lowering, once neurological stability 
has been achieved 
BP, blood pressure; SBP, systolic blood pressure; ICP, intracranial pressure; 
MAP, mean arterial pressure; IV, intravenous. 

FLOWCHART 1: Treatment of acute hypertensive response among 
patients with strokeandstroke subtypes. Based onthe NationalInstitute 
of Neurological Disorders and Stroke recombinant tissue plasminogen 
activator prethrombolytic protocol for patients with acute ischemic 
stroke, for short-term blood pressure (BP) management by emergency 
medical services without delaying early diagnosis and differentiation. 
The Emergency Medical Services BP management practices vary 
considerably in the absence of distinction between ischemic stroke 
and intracerebral hemorrhage. Based on recommendations of the 
America Stroke Association (ASA), Stroke Council, and/or European 
Stroke Initiative. The recommended BP treatment threshold is similar 
to the existing ASA and European Stroke Initiative recommendations 
for patients with ICH. Based on recommendations of Seventh Report 
of the Joint National Committee and the Acute Candesartan Cilexetil 
Therapy in Stroke Survivors protocol 


the candesartan group compared to placebo within the 7-day 
treatment period. At 6-month follow-up, the candesartan 
group had higher risk of poor functional outcome. The study 
concluded BP lowering with candesartan showed no benefit 
in patients with acute stroke. If anything, the evidence 
suggested a harmful effect. 

The Acute Candesartan Cilexetil Therapy in Stroke 
Survivors (ACCESS) study aimed to evaluate the safety 
of modest lowering of BP with candesartan in the early 
treatment of stroke. The study showed that, in the absence of 
BP lowering, candesartan treatment for 7 days started within 
24 hours of stroke onset reduced the cumulative 12-month 
mortality rate (7.2% and 2.9% for placebo and candesartan, 


respectively) and vascular events (18.7% and 9.8% for placebo 
and candesartan, respectively). The study concluded that 
candesartan is safe to use in the prevention and treatment of 
acute stroke and may provide therapeutic benefits. However, 
there was no difference in BP between the candesartan and 
placebo arms of this trial, neither within the first 7 days nor 
12 months, 


Controlling Hypertension and Hypotension Immediately 
Post-Stroke (CHHIPS):" In this multicenter, prospective, 
randomized, double-blind, placebo-controlled, titrated-dose 
trial, patients with acute stroke were divided into two groups. 
The first group consisted of patients who had symptom onset 
less than 36 hours and hypertension (SBP >160 mmHg), 
and the second group had patients with symptoms onset 
«12 hours and hypotension (SBP «140 mmHg). Patients 
were allocated to either the pressor or the depressor arm 
depending on BP at randomization. The pressor arm was 
closed early because of problems with recruitment. In the 
depressor arm, oral and sublingual lisinopril and oral and 
intravenous labetalol did not increase the likelihood of early 
neurological deterioration. The study was not sufficiently 
powered to detect a difference in disability or death at 2 
weeks, However, the 3-month difference in mortality favored 
active treatment is of interest, although care must be taken in 
interpretation of the results. 

In the China Antihypertensive Trial in Acute Ischemic 
Stroke (CATIS),5-:4,071 patients who presented within 
48 hours of onset of stroke and had elevated SBP were 
randomly assigned to receive antihypertensive treatment 
or to discontinue all antihypertensive medications during 
hospitalization. The study concluded that BP reduction had 
no effect on the incidence of death and major disability 
at 14 days or at hospital discharge when compared with 
the absence of hypertensive medications in patients who 
presented with an acute ischemic stroke and did not 
receive tissue plasminogen activator (tPA). There was also 
no difference in the outcome of death or major disability at 
3 months between the two groups. 

Continue or Stop  PostStroke Antihypertensives 
Collaborative Study (COSSACS): This United Kingdom trial 
recruited adult patients who were taking antihypertensive 
drugs and were enrolled within 48 hours of stroke and the 
last dose of-antihypertensive drug. Patients were randomly 
assigned toeithercontinueorstoppreexistingantihypertensive 
drugs for 2 weeks, Continuation of antihypertensive drugs 
did not reduce 2-week death or dependency, cardiovascular 
event rate, or mortality at 6 months. Lower BP levels in those 
who continued antihypertensive treatment after acute mild 
stroke were not associated with an increase in adverse events. 

Efficacy of nitric oxide in stroke (ENOS), with or without 
continuing antihypertensive treatment, for management of 
high BP in acute stroke, enrolled 4,011 patients with either 
ischemic (83%) or hemorrhagic (15.6%) stroke. The mean 
SBP of the patients was 167 mmHg (BP range 140-220 
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mmHg). The patients were then randomized to receive 
glycery! trinitrate patches to bring down the BP, or not to 
receive glyceryl trinitrate patches. If the patient was on any 
antihypertensive medicine prior to the event, he/she was 
also randomized to continue or discontinue it. There was no 
difference in functional outcome after 30 days. 

Patients with acute ischemic stroke who receive thrombo- 
lysis usually have transient acute hypertensive response 
that resolves after recanalization. However, prior to receipt 
of thrombolysis, high BP is associated with an increased 
incidenceofintracranial hemorrhage. Resultsofthe Australian 
Streptokinase trial show that patients with ischemic stroke 
treated with streptokinase who had a SBP >165 mmHg had 
a higher incidence of intracranial hemorrhage. This was also 
confirmed by another observational study. 

A meta-analysis of 12 major trials was done in patients 
with acute ischemic stroke which studied 12,703 patients, 
of which 50% received active intervention to control 
hypertension. The median time of presentation was 15 hours 
after the onset of symptoms. The analysis failed to show any 
difference in outcomes like, death or disability at the end of 
the study period or at 3 months, vascular events at the end of 
the study period or at 3 months, recurrent stroke, all-cause 
mortality, adverse reactions, etc. It also failed to show any 
extension on the stroke, due to rapid lowering of the BP. The 
authors surmised that the damage to the penumbra zone of 
an ischemic stroke due to rapid lowering of BP possibly only 
occurs in the first 10 hours or less.'4 

" Another Cochrane Systematic Review was done in 
2014, which studied 17,000 patients of acute ischemic 
stroke and acute hemorrhagic stroke or mixed strokes in 
26 trials. The objective of all these randomized control 
trials was alterations of the BP in acute stroke patients 
with an objective of favorable outcome. The primary 
endpoints were combined death or disability/dependency 
at end of trial (21 month after stroke). Dependency was 
defined as the modified Rankin Scale (mRS) >2 (or >3 as 
available). Secondary endpoints were early case fatality 
(«1 month), late case fatality (21 month), early neurological 
deterioration («1 month), and late disability or dependency 
(Barthel Index 21 month). 


Results 


There was no overall effect of BP lowering treatment on early 
death or death at end of trial or dependency irrespective 


of the type of stroke. Only very early BP lowering (before l 


hospital presentation or within 6 hours of stroke onset) was 
associated with reduced death or dependency, and improved 
quality of life. Barthel Index scores (disability scores) were 
lower if treatment was started within 6 hours of stroke onset. 
Very early BP lowering (before hospital presentation or 
within 6 hours of stroke onset) was associated with reduced 
death or dependency, and improved quality of life. 


Immediately continuing prestroke antihypertensive 
drugs appears to be associated with a worse functional 
outcome and lower quality of life; hence, it is reasonable 
to delay treatment until patients are stable and have oral 
or enteral access to allow safe administration of drugs. All 
the studied antihypertensive drug classes lowered blood 
pressure during the period of treatment. 

Another meta-regression was done on trials to alter BP 
in acute stroke (both ischemic and hemorrhagic stroke). 
Involving 37 trials and 9,008 patients, U- and J-shaped 
relationships were observed between on-treatment BP 
difference (difference between the mean baseline BP and 
on-treatment BP) and mortality at the end of 90-day follow- 
up, and combined death or dependency at the end of follow- 
up. The lowest odds of early death was observed with a BP 
difference of8.1 mmHg. The lowest odds for death or disability 
atthe end of follow-up was seen with a BP difference of about 
14.6 mmHg. As per drug classes, worse outcomes were seen 
with B-blockers. 

Inan analysis of patients receiving thrombolysis for acute 
stroke from the "third international stroke trial,’ 3,035 patients 
presenting with acute ischemic stroke within 6 hours of onset 
were randomized to tissue-type plasminogen activator 0.9 
mg/kg or open control. Blood pressure was measured at 
randomization, at start of treatment, and at 30 minutes and 
] and 24 hours after start of treatment, and the use of BP 
lowering treatment during the first 24 hours was recorded. 
High baseline BP and high BP variability during the first 24 
hours were associated with higher numbers of early adverse 
events and early deaths and the differences were statistically 
significant. However, a large decline in BP and use of BP 
lowering treatment was associated with a reduced risk of 
poor outcome in 6 months. This was observed irrespective of 
whether the patient received thrombolysis or not.” 


Ñ THE GUIDELINES!" 


`e For ICH: American Heart Association (AHA) along 


with American Stroke Association (ASA), in their 2015 
guidelines for the management of spontaneous intra- 
cerebral hemorrhage, recommends the following: 

o For ICH patients presenting with SBP between 150 
and 220 mmHg and without contraindication to acute 
BP treatment, acute lowering of SBP to 140 mmHg is 
safe (class I; level of evidence A) and can be effective 
for improving functional outcome (class IIa; level of 
evidence B) 

o For ICH patients presenting with SBP >220 mmHg, it 
may be reasonable to consider aggressive reduction 
of BP with a continuous IV infusion and frequent BP 
monitoring (class IIb; level of evidence C) 

o Once the acute phase is over, BP should be controlled 
in all ICH patients (class I; level of evidence A). 
Measures to control BP should begin immediately 
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after ICH onset (class I; level of evidence A). A long- 

term goal of BP «130 mmHg systolic and 80 mmHg 

diastolic is reasonable (class IIa; level of evidence B). 
1he European Stroke Organization's recommendations 
are similar: 

o In acute ICH within 6 hours of onset, intensive BP 
reduction (systolic target «140 mmHg in «1 h) is safe 
and may be superior to a systolic target «180 mmHg. 
No specific agent can be recommended. 

o Lowering of BP for secondary prevention after ICH is 
strongly recommended. 

For acute ischemic stroke: The AHA/ASA guideline for 

acute ischemic stroke of 2013 recommends: 

o In patients with markedly elevated BP who do not 
receive fibrinolysis, a reasonable goal is to lower BP 
by 1596 during the first 24 hours after onset of stroke. 
The level of BP that would mandate such treatment 
is not known, but consensus exists that medications 
should be withheld unless the SBP is >220 mmHg or 
the DBP is 120 mmHg (class I; level of evidence C). 

o For patients who are candidates for fibrinolysis, 
BP is «185/110 mmHg. Labetalol is recommended 
10-20 mg intravenously over 1-2 minutes. It may 
be repeated one time; or nicardipine 5 mg/h intra- 
venous, which may be titrated up by 2.5 mg/h every 
5-15 minutes up to a maximum dose of 15 mg/h. 
When the desired BP is reached, the dose must 
be adjusted to maintain proper BP limits; or other 
agents (hydralazine, enalaprilat, etc.) may be consi- 
dered when appropriate. If BP is not maintained at 
or below 185/110 mmHg, recombinant tPA (rtPA) 
cannot be administered. After rtPA or other acute 


reperfusion therapy is administered, BP has to be 
maintained at or below 180/105 mmHg. Blood 
pressure has to be monitored every 15 minutes for 
2 hours from the start of rtPA therapy, then every 30 
minutes for 6 hours, and then every hour for 16 hours. 
If BP is not controlled or DBP is »140 mmHg, IV 
sodium nitroprusside may be considered.” 


The European Stroke Organization’s recommendations 
are: 


o 


Routine BP lowering is not recommended following 
acute ischemic stroke 

Cautious BP loweringisrecommendedin patients with 
extremely high BPs (>220/120 mmHg) on repeated 
measurements, or with severe cardiac failure, aortic 
dissection, or hypertensive encephalopathy 

Itis recommended that abrupt BP lowering be avoided 
It is recommended that low BP secondary to hypo- 
volemia or associated with neurological deterioration 
in acute stroke should be treated with volume 
expanders. 


& COMMON DRUGS WHICH ARE 
[| USED IN ACUTE STROKE (TABLE 1) 


Although individual trials have shown some drugs ensure 
favorable outcome over others, there is no definite 
recommendation at present of choosing any particular 
agent. In acute phase, intravenous agents may be preferable 
for faster action and better control. Two trials studied the 
effect of continuation of pre-stroke medication versus dis- 
continuation (ENOS, COSSACS).!? The outcome was better 
with discontinuation. 


TABLE 1 Common drugs used for management of blood pressure in acute stroke 


Mechanism of; Onset of : Half life | Side effects | Indications 


action action 
Labetelol | 15-20 mg : Adrenergic : 5-10min | 
: bolus/15 mins | blocker : | 
; max: 300 mg/day | i 
: | 
H E 


i .S-20mgbolus | Direct relaxation | 10-20min | 

j ,everyl5min — | of arteriolar i 

foe apaa aaa 2M0hmusde | —  — | 

! Nitroprusside |02-04mg/h — ;Releasesnitic — 1-2min | 

i i upto0.8mg/h = oxide T aj | 
I 

| Nitroglycerine 5-200 pg/min | Releases : 3-5min | 


! Nitric Oxide 


! A 
H i 
1 E H 


3-6h 


1-4h 


Nausea, vomiting, agitation, 
! muscle twitching, sweating, patients with asthma and 

i cutis anserina (if BP is : acute left ventricular failure | 
_ reduced too rapidly), 


1-2min | 


: Should be avoided in 


Tachycardia, flushing, n | Eclampsia i 


| headache, vomiting, | | 

! aggravation of angina i | 

3-5 min | 
; muscle twitching, sweating, : in patients with high 

1 cutis anserina (if BP is reduced : intracranial pressure or 

, too rapidly), thiocyanate, and | azotemia . 


Nausea, vomiting, agitation, : Should be used cautiously | 


! cyanide toxicity etn teenie i 
| Headache, tachycardia, | Myocardial ischemia, heart i 
; nausea, vomiting, | failure | 
t apprehension, | 


i i 
; restlessness, muscular | 
_ twitching, palpitations, | 
; methemoglobine-mia, i 
i tolerance with prolonged use : | 
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Contd... 


! Onset of 
action 


Mechanism of 
. action 


5-15 mg/h 


: Nicardipine | Calcium channel ` 5-10 min 
blocker. 
, Esmolol 250g/kgbolus < Beta adrenergic 5min - 
followed by ; blocker 
Pa  ,25-300g/kg/min — "XN 
, Enalaprilate (125-5 mg every | Angiotensin- ; 15min 


“6h : converting . 
' enzyme inhibitor | 


BP, blood pressure. 


& CONCLUSION 


5. 


Blood pressure is often high dünne the acute pida of boit 
ischemic stroke and intracerebral hemorrhage. The effect of 
high BP on the outcome (both mortality as well as functional) 
of stroke is potentially adverse, although the evidence is still 
not clear. The evidence for the beneficial effects of treating BP 
in the acute phase of stroke is still inadequate and at times, 
contradictory. The treatment in that case is very cautious and 
only needed for very high BP in the acute ischemic strokes. 
The treatment needs to be more aggressive if the patient 
undergoes thrombolysis, or has any other comorbidity like 
ischemic heart disease, heart failure, and aortic dissection. For 
patients with ICH, the target SBP is lower. The benefits of BP 
lowering is only in the very acute phase of stroke (maximum 
benefit is first 6 hours). Blood pressure lowering in first 24 
hours should not be more than 20% in case of ischemic stroke. 
After the first few days, the goal of antihypertensive therapy is 
prevention of recurrent strokes, and the target BP becomes 
much lower. If the patient was on any antihypertensive 
medications prior to the stroke, it is better to discontinue 
them in the acute phase and start medications suitable for the 
acute phase. In acute phase, intravenous agents are preferred 
for faster action and better control. Although some individual 
trials have pointed towards benefits of using some agents 
over others, presently there is no specific recommendation of 
choosing some specific drugs. 
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Half life 


: 0.5-4h 


| 9min 


dh 


11. 
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16. 
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; Indications 


| Side effects 


: Should be used cautiously : 
in patients with 

: myocardiac ischemic or 

. acute heart failure 


l Tachycardia, headache, 
: ushing, locat phlebitis 


: Post operative after aortic 


Hypotension , nausea : 
; dissection repair. 


. Should be avoided ir in 
` acute MI and acute left 
"ventricular failure 


. Precipitous fall in BP in 
: high-renin states, variable 
, response 
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CHAPTER 


Use of Newer 
Antiepileptics in Status Epilepticus 


Arvind K Baronia 


& INTRODUCTION —. 


There are four stages of status epilepticus (SE) (i) 
early, (ii) established, (iii) refractory, and (iv) super- 
refractory. While the early SE is invariably treated with 
benzodiazepines the treatment after benzodiazepines 
failure (established, refractory and super-refractory SE) 
is poorly understood. As of today, there is no robust data 
to support recommendations of any newer antiepileptics 
over another. In this article, some of the commonly used 
newer antiepileptics in the various situations of SE would 
be discussed in a concise manner. About 13 drugs find their 
place under the terms newer antiepileptic drugs; some of 
them are oxcarbazepine, vigabatrin, topiramate, zonisa- 
mide, levetiracetam, lacosamide, rufinamide, stiripentol, 
retigabine, eslicarbazepine, brivaracetam, ganaxolone, and 
perampanel. However, only levetiracetam and lacosamide 
have been tested for the spectrum of SE. 


TABLE 1 


Time after which if seizures do not terminate 
patient is considered in status epilepticus (t,) 


min 


| Convulsive status epilepticus 


| Focal status epolepticus with impaired - | 10 min 

Í consciousness | 

i —-— - ——— — ——— i 

i Absence status epilepticus 0 151 min 


ER. ———— M —— ——M 


, Other difinitions of status epilepticus 


Established st status epilepticus 


i T Relractóry: status epilepticus 


I E AAEE E AE NEEE I AES AE TEE, DAREA 


DEFINITION: STATUS EPILEPTICUS 


Status epilepticus has been redefined as prolonged seizures 
after time point t, which is 5 minutes from seizure onset 
and time point tj, which is 30 minutes after seizure onset 
that can have long-term consequence. The same holds true 
for 10 minutes and 60 minutes for focal SE with impaired 
consciousness, and 10-15 minutes and unknown for absence 
SE ! (Table 1). The term established status epilepticus (ESE) 
is used for recurrent convulsions persisting after the use of 
benzodiazepines. The term refractory status epilepticus (RSE) 
is used when the status does not respond to both the first-line 
(usually benzodiazepines) and second-line antiepileptic. 

Refractory SE occurs when SE fails to abort after a 
first-line (usually a benzodiazepine) and a second-line 
antiseizure medication have been given. It should be noted 
that time is not part of these definitions and are based only 
the medications given and persistence of seizures. 


International League against Epilepsy definitions of status epilepticus 


Time after which on going seizures 


have long-term consequences (t,) 


“Status epilepticus that persists aftert treatment with a benzodiazepine a s line teratment) 


| Status epilepticus that persists after ait line. agent (benzodiazepine) and 2d ines agent 
| (additional agent such as s levetiracetam, phenytoin, valproc acid) have faild 
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$ LEVETIRACETAM 


It is known that levetiracetam, a pyrrolidone derivative 
and piracetam analog, binds to synaptic vesicle protein 
2A, but the precise mechanism of action is not clear? It is 
recommended to give levetiracetam 2.5 g over 5 minutes 
or 1-4 g intravenously over 15 minutes. A maximum of 
4.5 g can be given. Levetiracetam has the advantage of not 
causing many adverse reactions and also not interacting 
with other medications. It does accumulate in patients with 
renal dysfunction, however, the maintenance doses must be 
reduced in this setting.>4 

* Ina retrospective study, it was found that levetiracetam 
control ESE in 16 out of 18 patients (2008)? 

* In another retrospective comparative study of levetira- 
cetam, valproic acid, and phenytoin, the failure rate to 
abort ESE was 48.3%, 25.4%, and 41.4%, respectively 
(2011) 

e Ina meta-analysis of eight studies, levetiracetam had the 
efficacy to the tune of 68.5% (2014)’ 

e Zheng et al. found levetiracetam as effective as valproic 
acid and other antiseizure drugs in the data that currently 
exist for ESE (2015). 


# LACOSAMIDE 


p eee reese ————— 9 te pem 


Lacosamide came to the market in 2008, but its use for ESE 

began since 2009 when the intravenous form was made 

avaiiable. The mode of action is selective enhancement of 
the slow inactivation of voltage-gated sodium channels.? 

The most commonly used bolus dose is 400 mg intravenous, 

followed by a daily dose of 200-400 mg given in divided 

doses. The studies pertaining to lacosamide in SE are 
enumerated below: 

e Nineteen studies (10 single-case reports and 9 case- 
series) with a total of 136 patients showed an overall 
success of aborting status of 56% and the most common 
side’ effects were mild sedation and hypotension.?'? 
However, in these studies, Yasiry and Shorvon found only 
four patients qualifying as receiving lacosamide for ESE 
and concluded that this is an insufficient data’ (2013, 
2014, and 2015) 

* A randomized trial of lacosamide and fosphenytoin 
(TRENdS) for nonconvulsive SE was stopped prematurely 
due to difficulty in recruiting patients. The result of this 
study may elucidate where lacosamide fits into treatment 
for the spectrum of SE!(2015). 


a FUTURE DIRECTIONS — 


At present, there are no direct comparisons of various anti- 


` epileptics for treating status once benzodiazepines have not 


worked. There is presently a study undergoing, the Established 


Status Epilepticus Treatment Trial (ESETT), to compare the 
efficacy of fosphenytoin, levetiracetam, and valproic acid. A 
similar study in pediatrics, the Emergency Treatment with 
Levetiracetam or Phenytoin in status epilepticus in Children 
(EcLiPSE) trial, is currently going on. Until then, the studies 
discussed above provide the best evidence for management 
of ESE. Some workers have suggested use of phenobarbital 
or lacosamide as a second-line agent after benzodiazepines 
though the ongoing studies will not address the efficacy of 
phenobarbital or lacosamide. 

The vast majority of the patients included in the studies 
discussed above excluded nonconvulsive status epilepticus 
(NCSE). The percentage of individuals with NCSE in intensive 
care units is estimated to be up to 20%, but there is little data 
about the best treatment for-these individuals. 


= CONCLUSION 


Presently, use of valproic acid, levetiracetam, phenobarbital 
or phenytoin has been suggested for use in ESE. Among 
these valporic acid seems to have an edge over others. There 
is not much data on the use of lacosamide. The treatment 
needs to be individualized though taking into consideration 
side effects of the drug and lack of clear superiority data of 
the various antiepileptics. There is need for prospective 
controlled randomized trials for ESE. 
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Mechanical Devices and 
Pharmacological Thrombolysis in Stroke 


Nikhil N Balankhe 


t; INTRODUCTION ~ 


Acute ischemic stroke is a very important cause of disability 
and death. Stroke incidentally is also the third leading cause 
of death globally. Ischemic strokes represent 80% of the 
total strokes and hemorrhagic strokes make up for the rest. 
Improved treatment is, therefore, needed to manage this 
devastating illness. “Time is brain” and urgent reperfusion 
of ischemic brain is the main objective of stroke treatment. 
Timely restoration ofblood flowin stroke patients significantly 


. reduces long-term morbidity. A successful recanalization 


increases the chances of favorable outcome by four times and 
reduces mortality rate by fourfolds.! 

The importance of recanalization is even more 
pronounced in basilar artery occlusion where the chances of 
leading an independent life are only 2% in patients without 
recanalization.” Last 2 decades have seen rapid advancement 
in the medical and endovascular management of acute 
ischemic stroke. Intravenous tissue-type plasminogen 
activator (tPA) was first to be introduced as a safe and 
effective thrombolytic agent followed by the newer thrombo- 
lytic agents, proposed as potentially safer drugs with more 
favorable interaction profiles. Rapid administration of 
Intravenous recombinant tPA (rtPA) to appropriate patients 
still remains mainstay of early stroke treatment. 

In addition to chemothrombolysis, other techniques 
including transcranial sonothrombolysis and microbubble 
cavitation have also been introduced. These developments in 
the medical therapies are paralleled with gradual but steady 
developments in endovascular recanalization techniques, 
which were initiated by the introduction of MERCI 
(Mechanical Embolus Removal in Cerebral Ischemia) and 
Penumbra System. The introduction of Solitaire device was 
significant achievement in reliable and safe endovascular 
Tecanalization and was followed by further innovative 
devices—the Stent Retrievers. 

The American Heart Association/American Stroke 
Association (AHA/ASA) has updated its guidelines on 


endovascular treatment in acute ischemic stroke. These 
guidelines are based on outcome of five new clinical trials, 
viz., MR CLEAN, ESCAPE, EXTEND-IA, SWIFT PRIME, and 
REVASCAT. 

The total number of ischemic stroke patients amenable to 
some form of endovascular revascularization intervention is 
probably a small subset of the total number. This disparity in 
part explains the slowness in the relatively slow progress in 
the stroke trial enrollment and scientific progress compared 
with more rapid developments in cardiac interventions. 
The number of acute stroke patients potentially requiring 
emergent intervention ranges only from 7 to 1596 of the total 
number because the rest may have intracerebral hemorrhage 
(ICH), small vessel occlusion (lacunar infarct), transient 
ischemic attack (TIA), end-of-life strokes, or mild strokes that 
do not warrant the risk of endovascular procedure.’ Even in 
the communities with highly organized stroke programs only 
<10% stroke victims receive immediate treatment. 


ği STROKEIMAGING = 


Neuroradiology has rapidly evolved over the last 2 decades. 
Acutely injured but salvageable brain tissue is not clinically 
discernable from the irrevocably infarcted tissue by mere 
physical examination. Most of the stroke patients will present 
with some core infract that cannot be restored even by the 
most rapid intervention. However, many a times there may be 
a brain tissue with impaired blood flow surrounding the core 
infarct that may be saved by early intervention. This so called 
“ischemic penumbra’ will progress to nonrecoverable infarct 
without rapid recanalization. In contrast, an infarct without 
penumbra will not improve with intervention and patients 
may actually be harmed with revascularization causing 
hemorrhagic transformation. Modern imaging may provide 
perfect information to draw this important distinction and to 
guide emergency team to take judicious decisions. 

All the major stroke trials have relied on sensitivity and 
availability of nonenhanced computed tomography (CT) 
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brain scan for the presence or absence of brain stroke to 
determine patient enrollment. Ease ofaccess, rapid scantime, 
and broad availability means that CT is the most commonly 
used form of acute stroke imaging and has the highest level 
of evidence. Therefore, nonenhanced CT brain scan remains 
the only cerebral imaging test required before IV-rtPA. 

Magnetic resonance imaging (MRI) has specific 
advantages and disadvantages compared with CT. Diffusion- 
weighted images have proven to be both sensitive and 
specific to the presence of early cerebral ischemia. Magnetic 
resonance imaging can also be as sensitive to diagnose the 
presence of early hemorrhages as CT scan and hence also be 
used as a primary modality of imaging. However, MRI has 
too many disadvantages—limited availability, longer scan 
times and incompatibility of the magnetic environment with 
the iron-containing medical equipment, and conductive 
bioprosthesis. : 

The presence of core infarct can be determined by 
various modalities such as noncontrast cranial CT, collateral 
scores on CT angiography, CT perfusion scans, and MRI. 
The Alberta Stroke Program Early Computed Tomography 
Score (ASPECTS) is used to quantify the amount of early 
ischemic changes in middle cerebral artery (MCA) territory 
present on noncontrast head CT. The ASPECT score is 10 
points validated scoring system where an initial score of 
10 indicates a normal CT scan and 1 point is subtracted for 
each abnormal area within 10 prespecified regions of the 
cortex and deep-cortical structures. The higher the number, 
the-smaller the core infarct, the larger the presumed 
ischemic penumbra and better the patient as a candidate 


for intervention. Most of the endovascular trials have used 


a cut off of 6 as these patients are considered to have the 
largest areas of salvageable brain tissue. 


j| INTRAVENOUS AND 
INTRA-ARTERIAL FIBRINOLYSIS — — 


Intravenous fibrinolysis with rtPA remains the only Food 
and Drug Administration (FDA) approved treatment (level 
of evidence 1, class A recommendation) for stroke patients 
presenting within 3 hours after onset based on the National 
Institute of Neurological Disorders and Stroke rtPA Stroke 
Study (NINDS rtPA). 

The European Study-Safe Implementation of Thrombo- 
lysis in the Stroke Monitoring Study (SITS-MOST) registry 
enrolling 6,483 patients confirmed the safety and efficiency 
of intravenous fibrinolysis. The European Cooperative 
Acute Stroke Study-III (ECASS-III) has now extended the 
time window and shown safety and efficacy of intravenous 
thrombolysis (IVT) with alteplase for acute ischemic 
stroke in selected patients treated 3-4.5 hours after stroke 


: onset. Moreover, the latest AHA/ASA guidelines state that 


availability of endovascular treatment services should not 
supersede the use of IVT when indicated. 


One of the main limitations of IV-rtPA since its approval 
has been strict 3-hour time window for initiating treatment 
(which was subsequently extended to 4.5 hours after ECASS- 
II. It has been found out that the complete or partial 
recanalization rates with IVT range between 39% and 65% 
and overall found to be lower than the one achieved by 
intra-arterial thrombolysis (IAT), which has recanalization 
rates between 72 and 88%. The differences in recanalization 
were most apparent in large-vessel occlusions [MCA and 
internal carotid artery (ICA)]. However, the recanalization 
rates for IVT are different for proximal and distal lesions also. 
Furthermore, in almost 33% cases, early reocclusion occurs 
after initial recanalization. Hence, endovascular procedures 
nowa dayare often seen to combine pharmacologic thrombo- 
lysis and mechanical clot manipulation under vision. 

Intra-arterial thrombolysis was first studied as an 
alternative to IV-rtPA to extend the window of thrombolysis 
beyond 4.5 hours. The IAT for acute stroke was first described 
by Zeumer in 19835 The idea behind IAT is rapid local 
delivery of thrombolytic agent through a microcatheter 
placed near the site of occlusion and infused over 1-2 hours. 
However, IAT has its own disadvantages also. The major 
disadvantage of IAT includes relative complexity of the 
procedure; technical expertise, selective availability; delays 
in initiating treatment and additional risk, and expense of an 
invasive procedure compared with IVT.’ The thrombolytics 
that can be used for IAT in acute stroke include—urokinase, 
prourokinase, streptokinase, alteplase, and reteplase.? In 
general, the nonfibrin drugs (urokinase and streptokinase) 
can result in systemic hypofibrinogenemia whereas the fibrin 
selective agents (alteplase and recombinant prourokinase) 
are theoretically mostly active at the site of thrombosis. 

The currently accepted indications for IAT include: 

e Large stroke outside 4.5 hours window 
e Improvement in National Institute of Health Stroke Scale 

(NIHSS) score or with further worsening of NIHSS score 

despite IVT. 

* Those who are ineligible for intravenous thrombolysis 
therapy. 

The intravenously administered tPA and local IAT have 
both shown to improve the outcome. However, the time 
window for treatment and recanalization rates of both the 
approaches are limited.? To improve the speed and frequency 
of recanalization combination of IVT and IAT is also done. 
This approach utilizes the advantages of IVT (fast and easy) 
and of IAT (directed therapy, titrated dosing, and higher rates 
of recanalization). The first of such trials was Emergency 
Management of Stroke (EMS) bridging trial. The outcome was 
that patients receiving combination of IV/intra-arterial rtPA 
had significantly more number of recanalization than the 
placebo (55-10%) whereas complications rates were similar. 

Intravenous rtPA more or less remains the most 
important method of therapy for patients with large vessel 
occlusion, but still there are lots of limitations for IV-rtPA. 
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First, there is a very narrow-time window where in IV-rtPA is 
safe and effective. Second, treatment with IV-rtPA results in 
poorer rates of revascularization then endovascular therapy 
for proximal artery occlusions. Intravenous-rtPA recanalizes 
only one-third of proximal arterial occlusion including those 
of the ICA or MCA, on the other hand, IAT are designed to 
treatment of patients with proximal intracranial occlusion. 
Lastly, most of the patients are not eligible for IVT due to 
various contraindications like bleeding diathesis, recent 
surgery, or recent systemic events. Apart from rtPA, there 
are other additional acute reperfusion therapies that are also 
currently being investigated, which include tenecteplase and 
sonothrombolysis. The usual dose of IV-rtPA is 0.9 mg/kg to 
maximum of 90 mg. First 10% of the calculated dose is given 
as intravenous bolus dose. Remaining 9096 of the calculated 
dose is given as infusion over 1 hour. If the patient's condition 
worsens and neurologic status is declining during tPA 
infusion then the following steps should be followed: 
e Stop the infusion immediately 
e Urgent call for neurologist 
e Send blood sample for partial thromboplastin time; D- 
Dimer and fibrinogen 
e Prepare for emergency CT. 


B MECHANICAL THROMBOLYSIS __ 


Despite the clinical benefits of IV-rtPA, disappointments 


...Jemained concerning modest recanalization. rates, ranging 


between 4.496 for distal ICA occlusion, 496 for basilar 
artery occlusions, and 30% for MCA M1 and M2 segment 
occlusions.!° The importance of vascular recanalization 
in relation to outcome in acute ischemic stroke is very 
well established. This was instrumental in driving the 
research efforts to develop new endovascular devices 
to increase recanalization rates. This was provisionally 
shown in the MERCI trial, which achieved 46-48% rates 
of revascularization in arterial occlusion resistant to IV- 
rtPA.!! Mechanical treatments include the use of catheters 
to directly deliver (during angiography) a clot-disrupting 
or retrieval device to a thromboembolus that is occluding a 
cerebral artery. Most devices are used in cerebral vessels that 
are 2-5 mm. Mechanical thrombolytic devices can remove 
a clot rapidly, whereas pharmaceutical thrombolytics, even 
those delivered intra-arterially, may take as long as 2 hours 
to dissolve a thrombus. The most recently developed devices, 
known as retrievable stents or stentrievers, have shown 
higher recanalization rates and better outcomes than those 
seen with the older MERCI retriever. 

The various techniques and approaches used for 
mechanical thrombolysis are: 
¢ Thrombus disruption 
* Immediate flow restoration with self-expandable stents 

(SESs) 
* Thrombectomy. 


Thrombus Disruption 


In the landmark trial called prourokinase for acute cerebral 
thromboembolism (PROACT-IL), the IAT consisted of local 
application of fibrinolytic drug at the proximal surface of 
the thrombus. Mechanical clot disruption in this process of 
fragmentation was not advocated. In thrombus disruption, 
the most common method is probing the thrombus with 
a microwire and then advancing the microcatheter into or 
beyond the thrombus. This simple procedure has been shown 
to improve the outceme. With the thrombus disruption in 
MCA territory, successful recanalization is reported in 7996 as 
compared to 66% in PROACT-IL? 

The endovascular photoacoustic recanalization system 
uses laser-based technology for clot disruption and it aims 
to emulsify the clot by the application of microcavitation 
bubbles at the tip of microcatheter. However, the mortality 
rate was significantly high in this technique. 


Stenting 


Stent placement promises immediate flow restoration 
without repetitive passing and retrieval attempts. Instead 
of mechanical retrieval, intracranial stenting achieves 
recanalization by compressing the thrombus to the vessel 
wall and avoids the risk of proximal thrombus dislocation. 
However, the compressed thrombus can cause permanent 


Side branch and perforator branch occlusions. Furthermore, 


the implant can have acute thrombosis requiring additional 
antiplatelet medication.!* 

Up to 32% restenosis rate is reported for bare metal 
intracranial stents in a 9 month follow-up. Self-expandable 
stents are preferentially used over balloon-mounted stents. 
Although the recanalization rates in all the studies on the 
application of SES in patients with stroke is generally very 
high, it is debatable whether stenting in an acute ischemic 
stroke has a future as a first-line treatment due to the risk 
involved in the intracranial stent placement and also due to 
the success of thrombectomy. Stenting, however, has clearly 
shown a great value in selected cases of rescue therapy. Of 
the 5 stent retriever trials, MR CLEAN, ESCAPE, and SWIFT 
PRIME permitted use of salvage intra-arterial fibrinolytic 
drugs whereas EXTEND-IA and REVASCAT did not. These 
data do not establish the benefit of intra-arterial fibrinolytic 
salvage nor could they establish lack of benefit. Such salvage 
techniques may be reasonable to employ in some special 
clinical circumstances. 


Stent Retrievers 


The most recently introduced mechanical devices for 
acute stroke treatment are SES like thrombectomy devices. 
They combine the advantages of temporary stenting with 
immediate flow restoration without the need for permanent 
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implantation plus thrombectomy resulting in a definitive 
thrombus removal. The stent retrievers offer a promising new 
treatment option for acute ischemic stroke. The first dedicated 
combined flow restoration and thrombectomy device for 
acute ischemic stroke was Solitaire flow restoration. 

The various thrombolytic devices that are available 
include: 
e Stryker neurovascular Trevo stent retriever 
e Covidien Solitaire stent retriever system 
e Concentric MERCI retriever system 


* Penuinbra system 


e Snare-like devices 
èe Ekos ultrasound devices. 


Mechanical Thrombectomy 


Mechanical thrombectomy is successfully achieved by 
advanced and modified devices. All the devices are delivered 
by the endovascular access proximal to the occlusion site. 
‘fhe devices are divided into three groups according to where 
they apply force on thrombus. 


Proximal Devices 


They apply force to the proximal base of the thrombus. This 
group includes various aspiration catheters and systems. 


Thrombus Aspiration and Proximal Thrombectomy 


The first reports on mechanical thrombectomy in acute - 


ischemic stroke treatment included use of aspiration 
catheters.!* A large microcatheter (4-5 Fr) is advanced to the 
proximal surface of the clot and suction force is applied using 
a 60 mL syringe. Entrapment of thrombus is indicated by 
the absence of backflow. The catheter is then retrieved with 
constant negative pressure to avoid the loss of thrombus. 
This method is technically simple, fast to apply, and relatively 
inexpensive. It is widely used in proximal occlusion (cervical 


ICA and ICA terminus) where the target vessel has a large ` 


diameter and got an anatomy that is favorable for device 
navigation. 


Penumbra System 


This is a refinement of proximal thrombectomy technique. It 
applies continuous aspiration pressure in conjunction with 
mechanical fragmentation. This was approved by FDA for 
clot removal in stroke treatment in 2007. 


Distal Devices 


They approach the thrombus proximally but then are 
advanced by a microcatheter past the thrombus to be 
unsheathed behind it. In these devices, flow force is'applied 
to the distal base of thrombus. This group includes brush- 
like, basket-like and coil-like devices. 


Distal Thrombectomy 


There is a technical disadvantage associated with large 
diameter aspiration catheters. Hence a novel generation of 
distal thrombectomy device was developed. In this procedure 
after passing the clot, the device is deployed distal to the 
thrombus. However, as expected, vasospasm and vessel wall 
damage have been more frequently described in association 
with distal devices. Furthermore, during retrieval, the loss of 
engagement of clot with the distal device is more prone to 
cause thromboembolic events. Hence, for most of the dista] 
devices a proximal balloon occlusion and aspiration port 
from guiding catheter during retrieval is recommended. 


Stent-like Device 


The most recently developed devices include stent-like 
devices that are placed across the occlusion site, deployed 
within the thrombus and then retrieved. This group includes 
various SES retrievers. 


gj TREATMENT RECOMMENDATIONS 


e Mechanical thrombectomy as an adjunct to IVT within 


4.5 hours if no contraindication in acute ischemic stroke 
due to occlusion of a large artery in anterior circulation. 
All efforts should be made not to delay IVT if indicated 
while organizing for mechanical thrombectomy or vice- 
versa. Boih of these procedures should be done on an 
emergency basis with least delay 

* Other clot retrieving or aspiration device may be used in 
centers with experience in order to achieve maximum 
patency of the target vessel 

* Inconditions, whereIVTiscontraindicated(e.g., warfarin- 
treated with therapeutic international normalized ratio) 
initial treatment with mechanical thrombectomy may be 
tried 

e Inspecialized centers, in patients with acute basilar artery 
occlusion, multidisciplinary team (neurointensivist/ 
neuroanesthesist/stroke physician) need to make a 
decision based on multimodality imaging about com- 
bining IVT with mechanical thrombectomy. Role of 
neurointerventionist and choice of anesthesia is very 
important and should be individualized without causing 
undue delay in thrombectomy. 


Patient Selection 


* Intracranial vessel occlusion must be diagnosed with 
noninvasive imaging before considering treatment with 
mechanical thrombectomy 

e If vessel imaging is"not available at baseline, a NIHSS 
score of 9 within 3 hours, and 7 points within 6 hours may 
indicate the presence of large-vessel occlusion 


| ^78 CONCLUSION 


CHAPTER 52: Mechanical Devices and Pharmacological Thrombolysis in Stroke 


e Patients with radiological signs of large infarcts (for 
example using the ASPECTS score) may be unsuitable for 
thrombectomy 

e Imaging techniques for determining infarct and 
penumbra sizes can be used for patient selection and 
correlate with functional outcome after mechanical 
thrombectomy 

e High age alone is not a reason to withhold mechanical 
thrombectomy as an adjunctive treatment. 


s; ANESTHESIA IN 
3 MECHANICALTHROMBECTOMY — 


Conscious sedation has gained support from a retrospective 
analysis of patients receiving either general anesthesia or 
conscious sedation. Patients receiving general anesthesia 
had significantly more inhospital mortality (25%) and 
pneumonia (17%) compared to patients receiving conscious 
sedation (12% and 9.3%, OR 2.37 and 2.0, respectively) but 
with similar rates of spontaneous ICH.!5 An expert consensus 
statement of the Society of Neurointerventional Surgery and 
the Neurocritical Care Society recommends the use of general 
anesthesia only for patients with severe agitation, low level 
of consciousness (Glasgow Coma Scale «8), loss of airway 
protective reflexes, respiratory compromise, and in selected 
posterior circulation stroke presenting with these features.!* 


S 


The introduction of mechanical recanalization techniques 
is the treatment of acute ischemic stroke has undoubtedly 
broadened the spectrum of patients for stroke. The time 
window is broadened to 8 hours after the onset of stroke. 
However, within the time window of 4.5 hours, the indication 
formechanicalthrombectomyinrelationtoIV-rtPAisasubject 
of debate and further research. Furthermore, in cases of 
proximal artery occlusion (carotid termination and ICA-MCA 
tandem occlusion) with high-thrombus burden, mechanical 
approaches are likely to succeed in future. To achieve 
successful mechanical thrombectomy various approaches 
and devices are advocated in recent years. However, the 
most frequently applied group of devices is stent retrievers. 
The role of stent retrievers within the early time window, the 
impact of bridging therapy, the percentage of complications 
like ICH; and periprocedural aspects like impact of general 
anesthesia on safety and clinical outcome are some of the 
additional aspects of endovascular stroke treatment that 
will require further attention in future. Nevertheless, the 
current endovascular stroke treatment remains a multimodal 


approach combining the advantages of different mechanical 
thrombolysis techniques often in conjunction with IAT. The 
endovascular treatment, in particular thrombectomy as an 
add-on to intravenous rtPA, provides beneficial functional 
outcomes after ischemic stroke secondary to occlusion 
of anterior large vessels, without increased detrimental 
effects compared with medical care alone. Considering the 
severity of intracranial complications, the endovascular 
recanalization techniques should be reserved to dedicated 
stroke centers. 
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Cerebral Tissue Oxygen Saturation 
Monitoring in Cardiac Surgical Patients 


Matthew J Chan, Rinaldo Bellomo 


P 


j| INTRODUCTION 


"n 


Postoperative cognitive dysfunction (POCD) is common 
following cardiopulmonary bypass (CPB) in cardiac surgical 
patients.'? Such POCD is likely triggered by cerebral oxygen 
desaturation,? secondary to cerebral hypoperfusion and 
microembolism.*? Thus, intraoperative cerebral oxygen 
desaturation is an important risk factor for POCD. As a result, 
regional cerebral tissue oxygen saturation (SctO,) monitoring 
using near-infrared spectroscopy (NIRS) has become a 
promising area of investigation in the management of cardiac 


surgical patients. However, SctO, monitoring with NIRS has ` 


not yet become part of standard practice, both during and 
after CPB, and there is a need to review current knowledge 
gaps before widespread application becomes justified. 

Near-infrared spectroscopy estimates SctO, non- 
invasively from the differential absorbance of light by 
oxygenated and total hemoglobin. Sensors for each brain 
hemisphere are placed on the forehead, using one receiver to 
capture light scattered primarily through frontal lobe cerebral 
tissues with one receiver and another to capture and subtract 
the signal from superficial vessels (Fig. 1).5? Near-infrared 
spectroscopy principally reflects venous oxygenation, given 
‘the proportionally greater volume of the venous system 
(~70-75%).!° Thus, NIRS provides potential estimates of 
the balance between bifrontal oxygen supply and demand. 
From such information, inferences can be made about global 
SctO,, cerebral blood oxygenation, cerebral blood flow, and 
cerebral metabolic rate.! It is also important for monitoring 
to be performed on both left and right cerebral hemispheres, 
given the differing physiological state of each hemisphere 
in each patient and to differentiate any potential pathology 
present in a hemisphere. 

Given its potential usefulness, a range of commercial NIRS 
devices is now available. Each device differs in its superficial 
signal subtraction algorithm and depth of tissue penetration. 
As such, the precision and accuracy of each available NIRS 
system are both known to vary greatly. Importantly, NIRS 


differs from pulse oximetry in that it does not gate its signal 
with the arterial pulse. It, therefore, has additional uses even 
when there is nonpulsatile cerebral blood flow, such as in 
continuous flow during CPB." Additionally, NIRS may be 
favored over jugular venous bulb oximetry, previously the 
most comprehensive measure of cerebral oxygen physiology 
for cerebral physiological monitoring due to its noninvasive 
nature, ease of application of sensors and "continuous" 
recordings updated every few seconds. These advantages 
also extend to other fields, including cardiac arrest, where its 
ease of application and ability for use in pulseless patients 
allows for greater awareness of prognosis and success of 
resuscitative interventions. 

However, limitations do exist in the use of NIRS for 
cerebral oximetry in cardiac surgery. True validation of 
NIRS readings to jugular venous bulb oximetry has been 
challenging and is rarely performed in healthy subjects 


FIG. 1: Near-infrared spectroscopy INVOS' system on a patient 
(deidentified) 


Courtesy: Department of Intensive Care, Austin Health, Heidelberg, Victoria, 
Australia. 
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due to the evident ethical challenges in performing 
invasive procedures in such subjects.!!!? Furthermore, 
questions have been raised regarding the relationship 
between NIRS readings and skin pigmentation or gender, 
as well as interference from other molecules similar to 
hemoglobin.!>!3 Finally, the cost of the device and the 
single-use sensors have been a barrier to the uptake of NIRS 
in the clinical setting outside of research. 

Continuous NIRS monitoring of SctO, may, therefore, be 
useful in the detection of cerebral oxygen desaturation both 
intraoperatively and postoperatively. Cerebral tissue oxygen 
saturation is known to be affected by a number of measurable 
physiological variables with 85% of its variability accounted 
for by a combination of hemoglobin, temperature, pH, and 
partial arterial pressure of carbon dioxide (PaCO,).!^ To date, 
however, there remain gaps in clinical knowledge regarding 
both the use of NIRS technology and interventions shown to 
successfully optimize SctO, in cardiac surgical patients. In 
order to diagnose cerebral oxygen desaturation, it is crucial 
to define the normal baseline reference values for regional 
cerebral tissue oxygen saturation. However, there is a lack 
of information on what constitutes a normal SctO, in the 
cardiac surgical patient cohort, despite the value of such 
information in the management of cardiac surgical patients, 
both intraoperatively and postoperatively during recovery in 


.the intensive care unit (ICU). 


— “TABLE 1 Characteristics of included studies 


NIRS machine 
used 


Country of 
study 


Study 
authors 


Number 
. randomized 


Year 


Í Brassard 


Accordingly, the authors systematically reviewed all 
randomized controlled trials (RCTs) aiming to identify the 
normal baseline range of SctO, values in cardiac surgical 
patients as estimated using NIRS, as well as the nature and 
efficacy of interventions seeking to modulate SctO,. The 
authors also aimed to synthesize available information in 
included studies on postoperative SctO, and POCD. 


: NORMAL BASELINE CEREBRAL TISSUE 
= OXYGEN SATURATION 


An aggregated range for normal baseline SctO, in cardiac 
surgery patients has significant value in preoperative 
planning, perioperative risk estimation and assessment of 
whether a given intervention can restore SctO, to normal. 
Despite this, normal baseline SctO, values remain unclear. 
Using the Medline, Embase, and Central databases for RCTs 
of adult cardiac surgical patients in which baseline SctO, 
was measured and reported, the authors identified 11 RCTs 
fulfilling our inclusion and exclusion criteria. Table 1 shows 
the characteristics of these studies. Of note, these studies had 
widely varying patient cohorts and characteristics with two 


RCTs being performed in only high risk patients. All baseline ' 


preoperative SctO, data reported were recorded (Table 2) 
and used to calculate an overall pooled mean and standard 
deviation across all RCTs of 66.4% with a wide standard 


Study population 
and comorbidities 


Study primary findings 


INVOS* Any cardiac surgery: | Administration of norepinephrine to 
“etal. ; (Somanetics, Troy, í e 74% CAD ` restore MAP during CPB in diabetic 
l MI, USA) e 42% VHD ? patients associated with reduction 
] : : e 45% diabetes vin cerebral oxygen saturation (not in 
! | e TP HIN ; patients w/o diabetes); administration | 
: : * t of phenylephrine associated with trend : 
i | toward greater reduction in diabetic | 
i 3 _ Patients j 
; Guclu et iey T INVOS 3100 i ! CABG (elective). | Higher cerebral oxygen saturation in ae 
al. i | (Somanetics, Troy, | e 2496"other ; patients with sevoflurane anesthesia i 
| | MI, USA) j coexisting disease” | maintenance compared to total | 
1 MM NUR KENN EN zs __intravenousanesthesia 000 
: Kim et al. EI 60 l Korea ' INVOS 5100 ; CABG w/o CPB ! Single dose midazolam during : 
| | (Somanetics Troy, e 38% diabetes ! induction of anesthesia preserves | 
i : | © 63% HTN i cerebral oxygen saturation to a similar 


| Kok et al. | 2014 60 (1 exclusion) | 


| Netherlands | INVOS5100C — 


| degree! to propofol | 


es — 


| CABG (all patients OK | i | Incidence of cerebral. oxygen 


| i (Somanetics, Troy, | for CPB or no CPB) | ; desaturation is uncommon in low-risk 

MI, USA) ! e 23% diabetes | patients and not different between CPB .i 

l | | ! | e 29% HTN j and non-CPB patens | 
' Lenkin | 201 3| PE Russia ^! FORE SIGHT*- | Multiple evalve ^. Nofothetimie CPB patients: have ; 

| | | : (CASMED, Branford, : repairs/replacements ; higher cerebral oxygen saturation i 


! ‘etal. 
i CT, USA) 


; during combined valve surgery 


: (high risk) 
: : compared to hypothermic CPB 
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Study ~ | Year | Number 


Country of 
authors 


! NIRS machine 


| Study population 
: and comorbidities 


: Study primary findings 


randomized study : used 
Mohandas , 2013 100 | India 


[i 


le 37% valve surgery ` based anesthesia may be associated 
T | with better postoperative cognitive 
| i function compared with propofol- 


| EQUANOX 7600 Any cardiac surgery | Intraoperative cerebral oxygen 
-et al. i i ; (Nonin, Plymouth, w/o CPB _ saturation monitoring decreases the 
: : ! MN; USA) ` incidence of postoperative cognitive 
i L i decline 
Murkn — : 2007 - 200 (6. exclusions) Canada “INVOS 5100 CABG w/o CPB Intraoperative cerebral oxygen 
etal. , i ' (Somanetics, Troy, (elective) saturation monitoring decreases the 
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© 175% COPD and mortality 
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! MI, USA) : Parsonnet score ` saturation during CPB in high-risk 
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| | | © 6396 CABG i 
i | « 80% valve surgery 
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ONE IR ERE. |$ 67%HIN Moe 
| Schoen | 2011 : 128 (18 ! Germany | | INVOS 5100 | Any cardiac surgery | | inraoperative cerebral oxygen 
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i 
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ni based anesthesia 
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et al. | _exclusions) 


H 
| 
| 
. | . 
: j i ! 
| || | 
EM | [ oa | T des 
H 
| 


` MI, USA) 


*Model number not reported. 


: (Somanetics, Troy, 


: Cerebral oxygen saturation a as s part ofa. a: 


| Any cardiac surgery 
' w/o CPB (elective) : RBC transfusion protocol reduces use 
| © 89% CABG ` OF RBC 


` e 18% valve surgery 
e 55%previous Ml. 
| * 24% diabetes 

„© 8196 HTN 
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CABG, coronary artery bypass graft surgery; CPB, cardiopulmonary bypass; CAD, coronary artery disease; VHD, valvular heart disease; HTN, hypertension; 
MI, myocardial infarction; COPD, history of chronic obstructive pulmonary disease; MAP, mean arterial pressure; IV, intravenous; NTG, nitroglycerin; w/o, without. 


deviation of close to 8%, a 95% confidence interval (CI) 
between 65.0 and 67.7%, and a 95% reference range between 
51.0 and 81.8%. Unfortunately, considerable statistical 
heterogeneity was found among studies on analysis of the 
data, with a high P? statistic close to 90% (Fig. 2). 
Additionally, the authors performed sensitivity analyses 
limiting the data to measurements of each cerebral 
hemisphere; removal of studies with varying NIRS machines; 
removal of studies with high risk of bias; and removal of 
studies of high risk patient groups, where there was a severity 
of disease inclusion criterion, such as surgery for complex 
cardiac disease or a high-presurgical risk score. These did 


not demonstrate a significant difference on visual inspection 
of the data. In particular, pooled data on SctO, for the left 
hemisphere only and right hemisphere only were different 
at 65.4% and 64.7%, respectively, and the funnel plot of all 
studies and subgroups was asymmetrical. 

The 9596 reference range calculated from the spread of the 
pooled data was wide, suggesting that baseline SctO, values 
can vary greatly in this heterogenous patient cohort. 

' This spread remained even after removal of studies 
including only high risk patients. Further detailed study is 
indicated to assess the patient characteristics associated with 
theirbaselineSctO,, such asheight/weightand comorbidities. 
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TABLE 2 Baseline preoperative cerebral tissue oxygen saturation: summary table, pooled analysis and sensitivity analysis 
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* Means and standard deviations listed as reported. 
* All values listed as percentage (96). 
* Only means reported (no measure of variance). 


*Mohandas 2013 included in mean and SE calculation but removed from SD/reference ranges/heterogeneity calculations (no SDs reported) 


"Only Lenkin 2013 was used to calculate this. 


Lleft;R, right; 
bypass; MAP, mean arterial pressure. 


This information would contribute to our knowledge of the 
relationships between patient factors, baseline SctO,, and 
operative outcomes. 

On risk of bias assessment using standardized Cochrane 
methods, methodological quality of studies in this area was 
variable with only one RCT satisfying a low risk of bias in all 
domains evaluated. This, in addition to the evident clinical 
and statistical heterogeneity of included studies, limits the 
generalizability of our findings and highlights the need for a 
more rigorous research approach in this field. 

The authors also note that a wide variety of NIRS systems 
and models were used in these studies with the most 
popular being the INVOS™ system. As device precision 
and accuracy significantly differ from machine to machine, 
this adds some further methodological heterogeneity to the 
pooled data. 

Our results correlate well with observational studies of 
SctO, in the cardiac surgical patient population. In the largest 


-,unclear/bifrontal; SE, standard error; SD, standard deviation; Cl, confidence interval; CABG, coronary artery bypass graft surgery; CPB, cardiopulmonary 


prospective observational study of preoperative SctO, of 
1,178 German adult cardiac surgery patients requiring CPB,” 
investigators reported a median baseline SctO, on room air of 
62% (57-6796) on the left and 62% (56-6796) on the right using 
the INVOS™ system. This study reported that preoperative 
SctO, levels correlated strongly with baseline cardiopulmonary 
function and were associated with poorer postoperative 
outcomes. This study highlights the importance of gaining à 
close understanding of preoperative SctO, in the context of the 
management of intraoperative desaturations with important 
implications particularly for surgical risk stratification. 
Another prospective observational study of 101 cardiac 
surgery patients requiring CPB using the INVOS™ system 
found mean baseline SctO, values of 58.6%.? These com- 
paratively lower values may be explained by the smaller 
sample size as well as the study protocol, which involved 
collection of the lower SctO, value of the hemispheres for 4 
single reading at each time point. As described previously, 
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Study Subgroup 
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Vretzakis 2013 SctO, monitoring ® E 
Summary ¢ 


. eet 
42.547 52 57 62 67 72 7780 


CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; SctO,, cerebral tissue 


oxygen saturation. 


FIG. 2: Baseline cerebral tissue oxygen saturation: Forest plot of point estimates and 
confidence intervals of all studies and subgroups 


this methodology fails to account for the differing physiology 
across the cerebral hemispheres, taking a singular value for 
SctO,, 

To the authors’ knowledge, theirs is the first RCT-based 
comprehensive estimate of normal baseline values for SctO, 
in adult cardiac surgery patients from meta-analysis of the 
literature. This likely provides the most robust dataset for 
future comparisons and interventions. Of note, only two 
RCTs in the literature quoted a normal range for SctO,: one? 
with an unreferenced statement of 65-75%, and another!” 
with figures of 55-75% from a reference that did not actually 
contain such information. 

While these figures are similar to our aggregated results, 
the vague sources are demonstrative of the uncertainty 
surrounding normal SctO, values, and limit the implications 
resulting from these studies. Comparisons between normal 
and abnormal are necessary to contextualize and validate 


the findings as well as to find clinical application for SctO, 
readings. 


INTRAOPERATIVE CEREBRAL TISSUE 
| OXYGEN SATURATION AND 
$ THE EFFECT OF INTERVENTIONS _ 


Dro c UH EHE Su aa i e PASS pains a i nu See 


With a clearer understanding of what is normal in cerebral 
oximetry in cardiac surgery patients, it becomes easier to 
interpret studies assessing potential interventions to prevent 
or treat intraoperative cerebral oxygen desaturations. Such 
interventions, if found to be successful, would be invaluable 
in cardiac surgery management, potentially limiting the 
incidence of POCD in these patients. 

Inthe 11 RCTs included in the above review, investigators 
studied eight interventions (Table 3): 
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TABLE 3 Summary table of effects of interventions on intraoperative cerebral tissue oxygen saturation, mortality and postoperative cognitive dysfunction m 
‘Intervention’ -| Studies — | Time-points i Hemisphere | Nümber of* | Control ; Intervention | Mean 95% CI | Mortality |. | POCD S 
wor ov | tested | reported/ | | participants | mean i mean | effect (control vs... | (control vs. = 
< jand” i subgroups | (control vs. | difference ‘difference — | size and intervention) | intervention) 4 EE 
| reported | | nrp | intervention) | (compared ;(compared | standard ' l ; -| measure of £ 
Mir ; i : : PNE EN .to baseline) | to baséline) | error f : f 2o, L POCD S 
; Cerebral i Murkin > | Mean throughout `- :100vs.100 -6.91.0  -5.3+1.0 "1.60.14 1.32-1.88 «0.001 196 vs. 0% - o 
oxygenation l 2007 | surgery : l (ITT analysis: e 
monitoring vs. ERE "s m p = 0.50) 
no monitoring | Mohandas | ' - Test values 
! 2013* i . l . directly 
' i compared*** 
(MMSE and 
TR "IP = I "Ne 4 ASEM) 
|Vretzakis ; l ' i 1.3% vs. 1.3% - 
EE TERM I E cla ols MC Bd bate ad, drum : _ (P= 1.0) 
CABG with CPB | Negargar ;*hourofsurgery - 24 vs. 24 ` -4.8 +2.33 ` -3.8 Ł 2.6 11.0 +0.71 -0.43-2.43 0.165 - 4% vs. 4% (p 
vs. without CPB | 2007 | 2°¢ hour of surgery 126.55 x23  j-5.66*24 .0.9x0.68  -0.47-2.27 0.191 = 1.0) 
i 1 3d hour of surgery -8.1 £23  i-114£28  -3.3+0.74 -479- «0.001 Measured 
| 4^ hour of surgery “9842.5 :-98+1.7  ;0*061 -1.81 1.000 with MMSE 
1 5th hour of surgery : : i -13.1 € 2.2 6.9 + 3.1 ;6.2: 0.78 -1.24-1.24 «0.001 (decrease 
i . i 4.64-7.76 >20% and 
aA my eda e. aTa r cates feta ane "M 150 /—— 
| Kok 2014 | . : | - 62% vs. 53% (p 
Í i : | : = 0.5) 
i : Measured 
! : with Cogstate 
i i ' i battery (-2 
| i | | change in 
| : f ; Z-score in 2+ 
| | | ' | ae. tasks) 
i Normothermic | Lenkin ! Start of CPB = | 20 vs. 20 1-1041.8 (1042.1 '204062 0.75-3.25 .0003 - - 
' CPB vs. | 2013 | 30 minutes into CPB 5041.8 (60420 104061 -0.23-2.23 i 0.107 
hypothermic- 3 . [60 minutes into CPB: [30223 (60420  |3.0+0.68 126-474 :0.001 
| CPB | | SEE | 3.0 + 2.1 8.0 + 2.0 [5.0+0.66 ,3,66-634 '«0.001 
| CPB : 0+1.8 9.0 2.2 O 0.64 7.71— 10.29 i «0.001 
' Piquette | Start of CPB L 15 vs. 15 (-20x3.5 [20244 ;4.04145 1.03-6.97 0.010 ,O0%Vvs.13%  - 
during pre-CPB | 2007 i ,R -30£46 120-35 | 5.0 +1.49 .1.94-8.06 | 0.002 (p-value not 
and CPB vs. : | End of CPB iL -1144.2  [20£34 113.0: 1.40 | 10.14-15.86 : <0.001 provided) 
; placebo ! | 'R | 13446  120£27 !1502z1.38 | 12.18-17.82 «0.001 
|Midazolamas | Kim 2009 | 5 min after L | 30 vs. 30 £80419 '9.0+2.3 ,1.050.55 | -0.09-2.09 0071 - - 
| part of induction į i administration iR ; :8.01.9 19.0+2.5 11.00.57 1-0.15-2.15 0.086 
| of anesthesia vs. | ! | 
Contd... l 


Contd... 


—— — 


, Studies | Time-points | Hemisphere | Number of | Control i Intervention ! Mean 9596 CI | p-value | Mortality . |POCD 
intervention) intervention)/ | 
measure of 
'"POCD 


| intervention) | (compared | (compared | standard’ 
| „to baseline) | to baseline) | error . ; 
7.143.2 (2841.24 0.26-5.34 0.032 - - 


| and: subgroups | _| (control vs. difference | difference | size and 


i 
| 
| tested ! reported/ 4 i participants | mean : mean | effect | (control vs... | (control vs. 
| 
Í 


j reported 
i 


i 


! Sevoflurane | Guclu i Intubation vt "16 vs. 16 .4.3 + 3.8 | 
| anesthesia : 2014 | R p (5.2: 31 | 6.9 € 2.6 11,741.01 /-0.7-3.77 0.103 
: vs. total l i Internal mammary ;L i -1.9435 |-1.4+3.1 10.5+1.17 -1.89-2.89 ` 0.672 
! intravenous 'artery dissection `R ' --2.5+2.8 |-2.9+26 {-04+0.96 -2.35-1.55 :0,678 
, anesthesia ; | Cross-clamping iL -10.6€3.1 -18434 , ,884+1.15  6.45-11.15 «0.001 
| | R : '-764£2.9 |-47429 ,2.941.03 081-499 0.008 
| Cooling to 34°C iL | -11.7435 (-4143.5 (7.64124  507-10.13 «0.001 
i R -12.0 43.5 |-5.3+2.6 — 671.09 :447-893 «0.001 
i At CPB lowest iL '-17.84£34 ;-40x32 |13.81.17 | 11.42-16.18 «0.001 
i ; temperature iR , '-17.8 + 2.7 | -8.2 + 2.9 19.60.99 :7.58-11.62 «0.001 
! ; Rewarming to 36°C ;L i '-7.84+3.0 |!-0.443.2 17.41.10 7:5.16-9.64 . <0,001 
: RR i-9.742.55 ]|-58z28 [394094 1.98-5.82 «0.001 
i Post-CPB ;L /-47-230 14428 16.121.038 | 4.00-8.20 — «0.001 
| E (5526 |-20+43.1 13.51.01 1.43-5.57 ` 0.002 
Skin closure IL i (|-35238 (1443.2 (4941.24  2.36-7.44  <0.001 
| iR concn one S09 E29  j-01233 6.02110 376-824 «0001 
'Sevoflurane- | Schoen | , : | - Test values 
; based | 2011 | i l ' i ’ directly 
i anesthesia vs. | ; ! | ' | i l , compared” 
, propofol-based | i i . i ' (AMT, Stroop 
i anesthesia i i | ! Test, TMT, 
; Norepinephrine rassard } Mean throughout l i - - 
` during CPB vs. : 2014 | CPB : : | Box i 
i phenylephrine ` ! Diabetics : ;8vs.6 -8.042.4 [-80466 (04250  /-5.48-5.48 1.000 
l ! Nondiabetics | i9vs.8 15.05 1.74 |1.29-8.71 0.012 


Note: 
- All values fisted as percentage (96) 
e Mohandas 2013: only means reported (no measure of variance); Vretzakis 2013: no control data;Kok 2014 and Schoen 2011: no intraoperative SctO, data 
-  *Lenkin 2013 data was reported as median (IQR)—mean and standard variation estimated 
"Difference between groups statistically significant (p <0.05) 
L, left; R, right; -, unclear/bifrontal/not reported; CI, confidence interval; CABG, coronary artery bypass graft surgery; CPB, cardiopulmonary bypass; POCD, postoperative cognitive decline; ITT, intention-to- 
treat; SD, standard deviation; MMSE, mini-mental state examination; ASEM, antisaccadic eye movement test; AMT, abbreviated mental test; TMT, trail-making test; WL-N, word list recall test. 
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l. Cerebral oxygenation monitoring versus no monitoring 
(three RCTs):5*® In two RCTs, the monitoring group was 
assigned a treatment intervention protocol to manage 
desaturations (below 75% of baseline). This protocol 
consisted of the use of interventions such as checking 
the patient’s head position; adjusting ventilation to keep 
PaCO, above 40 mmHg; maintenance of mean arterial 
pressure (MAP) above 60 mmHg with administration of 
phenylephrine; adjustment of MAP to maintain cerebral 
"perfusion pressure above 50 mmHg; increasing flow rate, 
if cardiac index was low; and administration of red blood 
cell transfusion, if hematocrit was low. 

The other RCT used NIRS monitoring as part of a blood 

transfusion protocol 

2. Coronary artery bypass graft surgery with CPB versus 
without CPB (two RCTs)! 

3. Normothermic CPB versus hypothermic CPB (one RCT)!® 

4. Glyceryl trinitrate during pre-CPB and CPB versus 
placebo (one RCT)? 

5, Midazolam as part of induction of anesthesia versus 
propofol (one RCT)? 

6. Sevoflurane anesthesia 
anesthesia (one RCT}! 

7. Sevoflurane-based anesthesia versus propofol-based 
anesthesia (one RCT) 

8. Norepinephrine during CPB versus phenylephrine (one 
RCT).4 
Among these, seven RCTs for seven interventions 

reported raw intraoperative SctO, and were included in 

the quantitative analysis. On visual inspection, five of these 
interventions (cerebral oxygenation monitoring driven 
management; normothermic CPB; glyceryl trinitrate during 
pre-CPB and CPB; midazolam in induction of anesthesia; 
and sevoflurane anesthesia) had a positive mean effect 
size of significance i in the majority of measured time points 

with a maximum significant effect size of 15.0% + 1.38% 

(p «0.001) with glyceryl trinitrate post-CPB and a minimum 

significant effect size of 1.6% + 0.14% (p <0.001) with cerebral 

oxygenation monitoring. 

On the other hand, one RCT!’ appeared to show that 
surgery on pump has both positive and negative effects on 
SctO, compared to off pump depending on the time-point 
chosen for analysis during surgery. Additionally, the use 
of norepinephrine in CPB compared to phenylephrine for 
hemodynamic stabilization appeared to be beneficial for 
SctO, but only in nondiabetic patients, with no effect on 
diabetic patients. i 

Application of these study findings to clinical practice 
remains challenging. As there is only one study reporting 
raw intraoperative SctO, in the assessment of each of these 
interventions, detailed meta-analysis of the interventions 
is also not possible. Additionally, study sample sizes have 
generally been small exposing these studies to a high risk of 
type-I error and requiring validation in larger multicenter 
trials. Another challenge in interpretation of the literature has 


versus total intravenous 


been the measurement of the efficacy of such interventions 
on SctO,, which has commonly been performed in a variety of 
ways. The majority of these studies were not designed based 
on raw changes in SctO, as their primary outcome and were 
therefore not powered to assess these changes. In particular, 
cerebral desaturation has been defined among our included 
studies separately as: 

e Areduction of >15% from baseline 

* Any negative change from baseline 

e Anarea under the curve >10 minute% 

e A reduction of >20% of the baseline or an absolute value 
below 50% for over a minute; a reduction of >30% of the 
baseline for over a minute 

e Areduction of >20% of the baseline for over a minute, or 

e An absolute value below 50%. 

‘These definitions have been given with little direct clinical 
reasoning for their choice. Moreover, none of these values 
have been derived from appropriately controlled studies 
indicating a relationship of such desaturation with patient 
centered outcomes such as mortality or neuropsychological 
outcome. The authors, therefore, selected the most basic 
form of outcome (percentage saturation), to generalize our 
findings. However, given this limitation, and the clinical and 
methodological heterogeneity of these studies, it is difficult to 
compare the efficacy of each intervention directly. 

This is the most up-to-date review of the literature 
regarding therapeutic interventions to optimize SctO,. While 
the limitations imposed by the quality of research available 
may limit the scope of our findings, it clearly demonstrates 
the need for standardized definitions for cerebral oxygen 
desaturations both in the clinical and research settings. The 
authors believe that further research into these interventions 
and other potential interventions needs to be performed and 
that an evidence-based consensus needs to be reached about 
definitions for such desaturations, so that future studies may 
achieve a level of comparability. 


# POSTOPERATIVE CEREBRAL TISSUE 


ic OXYGEN SATURATION 


While the impact of iniraopetaive Sebil oxygen 
desaturations has been studied, very little is understood 
about the etiology of POCD and the time course relationship 
between SctO, and POCD. In particular, SctO, monitoring 
is rarely continued postoperatively, despite the likely 
presence of ongoing physiological derangement. As a result, 
it is unclear whether desaturations intraoperatively persist 
during recovery in the ICU and while admitted to the surgical 
wards. The authors, therefore, sought to determine, from 
the reviewed RCTs, the trends for SctO, in the postoperative 
period of ICU and hospital admission, and. whether 
postoperative cerebral oxygen desaturations are common 
and whether they have been associated with POCD. 

Among the included RCTs, postoperative follow-up of 
SctO, was rare—only one RCT by Lenkin et al. measured and 
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reported postoperative SctO, up to 24 hours postoperatively.!® 
The results in this trial showed that for all measured time- 
points in this period, SctO, was significantly higher than 
baseline in both normothermic CPB and hypothermic CPB 
groups, with a p-value less than the o 0.05. While these results 
suggest that desaturation does not occur postoperatively, 
there are anumber of confounding factors that may influence 
these results. In this study, patients in the normocapnic CPB 
and hypothermic CPB groups were admitted to the ICU 
for a median of 50 (IQR: 43-97) and 69 (IQR: 45-93) hours, 
respectively. As a result, the study authors believe that 
increased oxygen delivery is one of the key factors in these 
increased values, It remains unclear, how SctO, varies beyond 
this period when oxygen supplementation is weaned. 
Furthermore, the extent to which variability in post- 
operative SctO, occurs as a consequence of the examined 
interventions in recovery is poorly understood. It is 
observed in the authors combined dataset that the final 
time-points measured in the perioperative period of each 
study commonly yielded results that showed desaturation 
of varying levels with the exception of the Lenkin study. This 


suggests that, more commonly, desaturation may in fact 


extend beyond the operating room, and that the application 
oftherapeutic interventions may also be necessary in the ICU 
clinical setting. As a result, these findings indicate that, in 
trials ofthis nature, extended follow-up is warranted through 
atleast the ICU admission to avoid later desaturations. 


& POSTOPERATIVE COGNITIVE DYSFUNCTION 


The incidence of poor neurocognitive outcomes after cardiac 
surgery has been well documented in the literature. In 
particular, cerebral oxygen desaturation has been established 
as a predictor of POCD. In papers by Yao et al. and Slater 
et al, cerebral oxygen desaturations were independently 
associated with lower scores in the examined neurocognitive 
test battery?? Therefore, establishment of clinical efficacy 
of therapeutic interventions seeking to prevent or treat 
intraoperative cerebral oxygen desaturations should involve 
assessment of POCD. 

An important consideration in study designs assessing 
POCD is the choice of tests included as part of the 
neurocognitive test battery. Tests should cover a reasonable 
range of cognitive domains potentially affected by cardiac 
surgery. They should also be able to be performed both prior 
to surgery and after surgery within a reasonable amount of 
time, so that assessment is feasible and not inconvenient for 
both assessor and patient. It is important that the assessors 
are competent in the delivery of the tests, whether they are 
doctors, researchers, or trained in clinical neuropsychology; 
every effort should be made to avoid introducing operator 
bias or test-retest bias. The "Statement of Consensus on 
Assessment of Neurobehavioral Outcomes after Cardiac 
Surgery" provides a clear agreement about test principles 
and a series of tests that covers these considerations for the 


purposes of both clinical assessment and research study 

designs.” The recommended test battery consists of: 

* The Rey Auditory Verbal Learning Test—a test of short- 
term auditory verbal memory and rate of learning 

*  TheTrail-Making Tests (A and B) —tests of visual attention 
and task switching 

* The Grooved Pegboard Test—a test of manipulative 
dexterity. 

Of the 11 RCTs in this review, four used neurocognitive 
test batteries in order to assess neuropsychological outcomes 
(Table 3). Two of these RCTs!”!° compared the incidence of 
POCD in bypass graft surgery with CPB to surgery without 
CPB, showing no significant difference between these two 
groups. However, their respective definitions of POCD and 
tests used varied significantly, resulting in one RCT having 
an equal incidence of 4% in the study groups, with the other 
having an incidence of 62 and 53% between groups. The 
other two RCTs*”? did not define POCD as a patient outcome, 
but instead directly compared neurocognitive test scores, 
each showing a significant increase in test results between 
monitoring and no monitoring, and between sevoflurane- 
based anesthesia and propofol-based anesthesia. 

Specific tests used in assessments performed in these 
RCTs included the mini-mental state examination, cogstate 
test battery, antisaccadic eye movement test, abbreviated 
mental test, trail-making tests, word list recall test, and the 
Stroop test. 

Notably, each study appeared to test differing domains 
of cognitive function with an extremely wide variety of 
tests being used. Only one test used, the Trail-Making 
test was recommended by the aforementioned consensus 
statement suggesting a general disagreement between 
recommendations and actual research practice. This 
disconnect greatly limits the interpretation of the research 
findings as the inconsistency between tests used means that 
comparisons between studies are impossible, and renders 
any form of meaningful review of these outcomes somewhat 
ineffective. The. authors therefore, recommend that 
researchers in this field use the original consensus statement 
in designing their studies or reach a new consensus upon 
which to base their research, so that interstudy consistency 
is maintained. This would improve the overall quality of 
the research and provide information that is more easily 
translatable into clinical practice. 


E STRENGTHS AND 
LIMITATIONS OF THE REVIEW. 


To the authors’ knowledge, this review is the first to meta- 
analyze and describe baseline SctO, in this patient cohort 
using data from RCTs. The authors search strategy was 
systematic and unlikely to introduce bias. It also provides 
the most up-to-date review of the literature on the use of 
NIRS in cardiac surgery patients. Their findings extend the 
understanding of baseline SctO, and trends during cardiac 
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surgery despite the sighificant clinical and methodological 
‘heterogeneity in the included studies. 

However, this review has several limitations. The choice 
of including only outcome data presented as percentage 
saturation may have limited the inclusion of some studies 
with relevant findings. However, this was an unavoidable 
limitation given the wide range of definitions in each study 
for other outcome measures. The authors only considered 
RCTs for.inclusion in this review, limiting their pool of studies 
and patients. However, the authors considered that RCTs 
would provide the most robust dataset for such assessment. 
Furthermore, English was a requirement of the search 
strategy and several studies were excluded on the basis of 
being published in a non-English language. However, neither 
of these strategies is likely to add bias to the review.” 


$ FUTURE DIRECTIONS 


In this review, the authors identified 11 RCTs reporting 
relevant information, defining a pooled mean baseline SctO, 
of approximately 66%, and a wide reference range. Moreover, 
the authors found that a number of interventions appear to 
have a significant effect on raw intraoperative SctO,, including 
SctO, monitoring-based management, normothermic CPB, 
glyceryl trinitrate during pre-CPB and CPB, midazolam in 
induction of anesthesia, and sevoflurane anesthesia. Finally, 
however, we also found that follow-up of postoperative SctO, 
and POCD was rare among these studies. 

Given the wide range of baseline SctO, in cardiac 
surgery patients, future investigative studies must tackle 
several key gaps in knowledge. Firstly, large-scale studies in 
more uniform cardiac surgery populations are necessary to 
contextualize the results of individual patient. Despite the 
difficulty in validating NIRS readings to other measurements 
of cerebral oxygen supply and demand, the effect of patient 
characteristics and comorbid factors on baseline SctO, 
must be determined. This information will enable more 
personalized preoperative planning, given the increased 
patient risk associated with low-baseline SctO,. Furthermore, 
future research measuring SctO, needs to adhere to 
measurement methods appropriate for the technology. These 
include measurement of both hemispheres in order to capture 
the varying physiology of each and baseline preoperative 
measurements taken before oxygen supplementation, which 
may increase SctO, artificially. 

In assessing the efficacy of therapeutic interventions 
aiming to optimize SctO, a number of factors affect the 
applicability of study results. Cerebral tissue oxygen 
saturation should be measured prior to surgery, so that 
comparisons can be made with the baseline. Time-points 
of measurement during the perioperative period should be 
consistent across studies to altow for greater comparability 
between studies. Given the variable length of time of 
different cardiac surgical procedures, measurements at key 
time landmarks such as at induction of anesthesia, at the 


commencement of CPB, at the cessation of CPB and at the end 
of the surgery are essential with other measurements taken 
5 minutely in between these landmarks. Additionally, the 
wide range.of definitions for desaturation creates challenges 
for the interpretation of studies—a consensus should be 
sought as to a particular score or measure of desaturation for 
consistency and this should.be reported alongside the raw 
:SctO, values for comparison before any further statistical 
model analysis. A strict definition as such would provide not 
only clearer interpretation of the research, but also clinical 
benefit for absolute reference values with which to diagnose 
“intraoperative cerebral oxygen desaturation. 

Additionally, the authors recommend that postoperative 
SctO, be measured more frequently to obtain a better 
understanding of the trends during mechanical ventilation 
and postextubation in the ICU or on the ward. This will give an 
indication as to the normal variability of SctO, in the recovery 
period as well as highlight the potential continuing effect 
of therapeutic interventions performed intraoperatively 
on long-term SctO, changes. If low SctO, values do indeed 
-continue well beyond the initial postoperative period, this 
may also represent a target for therapeutic intervention in 
order to minimize preventable causes of POCD. The diagnosis 
of POCD continues to carry some difficulty with varying 
tests and definitions being used in tandem across both the 
clinical and research worlds. Despite the presence of clear 
recommendations and consensus between professionals, it 
is evident that, in order to improve the quality and validity of 
research, Consistency is necessary in these areas: Therefore, 
researchers should consider these key principles when 
designing studies about SctO, in this patient cohort. 

Many of the interventions assessed in these reviewed 
studies show promise for the future of cardiac surgical 
management. In particular, the intervention of standardized 
SétO, monitoring with a treatment intervention protocol 
as described by Murkin et al The particular interventions 
employed by such protocol are simple, easily achievable, 
and designed in a systematic way. Each of the individual 
components, however may provide further information 
for therapeutic targets, when used in isolation. Another 
component of this intervention protocol is the use of SctO, 
monitoring to activate blood transfusion.!* In order for these 
interventions to become part of standard practice, further 
larger cohort RCTs need to be performed to confirm the pilot 
study findings. 

Additionally, targeting a higher PaCO, appears to be 
another potential therapeutic intervention in improving 
intraoperative SctO,. Murkin et al. target PaCO, levels greater 
than 40 mmHg in their protocol, as carbon dioxide arterial 
tension is one of the major determinants of cerebral blood 
flow and changes in its partial pressure during and after CPB 
may affect cerebral blood flow.?9?9 Increases to PaCO, have a 
vasodilatory effect on cerebrovascular tone and subsequently 
increases cerebral biood flow. It is also known that 
PaCO, is significantly correlated with SctO,. As all patients 
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requiring CPB are mechanically ventilated on admission 
to the ICU postsurgery, full control of PaCO, in both the 
intraoperative and postoperative periods should be possible 
in almost all patients and carries no additional cost.2>6 
Hence, manipulation of PaCO, could be an easy and likely 
safe therapeutic intervention in cardiac surgery patients. In 
other areas, where patients have suboptimal cerebral blood 
flow, targeting a mild hypercapnia appears to be beneficial 
to both SctO, and cerebral protection. Across two trials by 
Eastwood et al1?9?9 targeting mild hypercapnia in cardiac 
arrest patients were associated with an increase in SctO, as 
measured by NIRS as well as an attenuation in the release of 
neuron-specific enolase, a marker of cerebral injury. As it was 
shown to be feasible and safe in this patient cohort, further 
applications of therapeutic targeted mild hypercapnia appear 
warranted in areas such as cardiac surgery. 


{CONCLUSION 


The authors aggregated data from RCTs measuring SctO, 
using NIRS in cardiac surgical patients and determined 
a pooled mean for normal preoperative SctO, values of 
approximately 66% with a reference range of 51-82%. Many 
of the therapeutic interventions assessed in these RCTs were 
shown to be beneficial in optimizing intraoperative SctO,, 
although study validity may have been compromised by 
significant clinical heterogeneity and poor methodological 


quality. Unfortunately, the authors found that follow-up 


of postoperative SctO, was rare and that methods for the 
diagnosis of POCD were inconsistent. Nonetheless, there 
is increasing support for the use of NIRS in cardiac surgical 
patients in order to detect otherwise hidden cerebral oxygen 
desaturations. Further standardized research is indicated to 
relate intraoperative SctO, to normal preoperative values and 
to identify whether intra- and postoperative modulation of 
SctO, is associated with changes in POCD. 
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CHAPTER S 


Induced Hypothermia: 
Current Status—Benefits and Harms 


Subhal B Dixit, Khalid I Khatib 


ijj INTRODUCTION 
Therapeutic hypothermia (TH) has been known to mankind 
since almost 3,000 years, from the time of Hippocrates, 
and has been used experimentally and clinically for the 
past 100 years. Evidence of its benefit in postcardiac arrest 
resuscitation was based on two randomized controlled 
trials (RCTs) published in the early 2000s.!? Following this, 
therapeutic hypothermia as a part of targeted temperature 
management (TTM) was included in most cardiac arrest 
resuscitation guidelines. A sequential trial analysis in 2011? 
and subsequent RCT in 2013* cast some doubts on the 
benefits of TTM. We will discuss the current status of TTM 
and its utilization in various clinical scenarios. 


H DEFINITIONS»? 


Normal Body Temperature 


In healthy individuals, in the age range of 18-40 years, the 
mean oral temperature of 36.8°C + 0.4°C (98.2 + 0.7°F) is 
considered normal, with the lower limit in the morning and 
the upper limit in the evening. Rectal temperature is usually 
0.5C higher compared to oral temperature. Core body 
temperature can be measured at the following sites: 

e Pulmonary artery 

Lower oesophagus 

Rectum 

Bladder 

Tympanic membrane. 


Hypothermia 


Acore temperature of <36°C regardless of the cause is known 
as hypothermia. It maybe: ` 
e Mild: 33-36°C 


e Moderate: 28-33°C 

e Severe; <28°C. 

Induced Hypothermia 

An intentional lowering of core body temperature to <36°C is 
known as induced hypothermia. 

Therapeutic Hypothermia 


Controlled induced hypothermia (32-34°C) plus measures 


taken for controlling side effects like shivering is known as 


therapeutic hypothermia. 


Targeted Temperature Management 


Targeted temperature management has replaced the term 
therapeutic hypothermia and encompasses all the measures 
intended to keep temperature level below 37°C, including 
prevention. of fever. Thus, the temperature spectrum of 
TTM (32-36°C) includes TH (32-34°C) and fever control 
(normothermia, approximate temperature 36 C).59 


TARGETED TEMPERATURE 
$ MANAGEMENT 


Recent reports favor the use of the term TTM rather than 

therapeutic hypothermia to emphasize the importance of 

complete temperature profile. It comprises of three phases: 

1. Phase of initiation or induction: It is the period required 
to intentionally achieve the lower temperature (target 
temperature) from the current body temperature. It 
should last not more than 1 hour and 30 minutes 

2. Phase of maintenance: The target temperature at which 
the patient is kept for an extended period. It typically lasts 
12-24 hours but may last several days 


a (A 


0. lu 


| 


CHAPTER 54: Induced Hypothermia: Current Status—Benefits and Harms 


3. Phase of rewarming or reversion: It is the change of 
temperature from the maintenance phase to near normal 
temperature by gradually increasing the temperature at 
a specific rate or allowing the body to achieve intrinsic 
physiologic body temperature. Rewarming should not be 
at a rate >0.1-0.25°C/h. 


Side Effects During Phases of 
Targeted Temperature Management?? 


e Phase of initiation or induction: Shivering 

e Phase of maintenance: Bradycardia, insulin resistance 
causing hyperglycemia, polyuria, hypokalemia, infections, 
coagulopathy (due to abnormal function and decrease in 
the number of platelets) 

e Phase of rewarming or reversion: Shivering, hypo- 
glycemia, and hypotension. 


Treatment of Side Effects of 
Targeted Temperature Management? 


e Shivering: Acetaminophen, skin counter warming, 
buspirone, magnesium, meperidine, dexmedetomidine, 
fentanyl, propofol, midazolam, neuromuscular junction 
blockers 

e Bradycardia: No treatment needed 

e Insulin resistance causing hyperglycemia: Insulin as 
infusion to maintain plasma glucose between 140 mg/dL 
to 180 mg/dL 

e Polyuria: Fluid replacement 

e Hypokalemia: Replace potassium as needed 

e Infections: Screening to detect infections and antibiotics 
as needed 

e Coagulopathy: Transfusions if significant bleeding occurs 

e Hypoglycemia: Dextrose infusions as needed 

e Hypotension: Fluid replacement and vasopressors. 


Methods of Cooling'? 


These are divided into methods used for surface or core 
cooling: 
À. Surface cooling 
o Fans 
o Ice packs 
o Refrigerated surface or cooling pads 
9 Cooling blankets: circulating either air or water 
o Immersion of patient in cold water. 
B. Core cooling 
o Infusion of cold saline (cooled to 4°C) and infused at a 
rate of 30 mL/kg/h, up to a total of 1.5-3 L 
o Intravascular ice saline-filled balloon catheter 
o Heart-lung bypass machine 
o Peritoneal lavage machine. 


& EVIDENCE FOR THE USE OF TARGETED 
# TEMPERATURE MANAGEMENT 
ij. IN VARIOUS CLINICAL SETTINGS 


Cardiac Arrest 


Out-of-hospital Cardiac Arrest!2378-12 


Thetwo most influential studies published in 2002 providethe 
most compelling evidence about the benefit of therapeutic 
hypothermia in out-of-hospital cardiac arrest (OHCA). 
Following these articles, interest and research in therapeutic 
hypothermia and TTM increased exponentially. 


Bernard et al., 2002: 


* Single center trial 

e Conducted in Australia 

e Patients enrollment: 77 adult patients with OHCA with 
shockable rhythm, i.e., ventricular fibrillation (VF) who had 
postcardiac arrest syndrome (PCAS), i.e., were comatose 
having no meaningful response to verbal commands 

e Patient groups: Patients were assigned to receive either 
normothermia or therapeutic hypothermia [target 
temperature 33°C, initiated in ambulance after return of 
spontaneous circulation (ROSC), for duration of 12 hours 
after hospitalization] 

e Outcomes were assessed at hospital discharge 

e Results: More patients in the therapeutic hypothermia 
group had fayorable neurological outcomes at hospital 
discharge than the patients in the normothermia group 
[49% compared to 26%; p = 0.046; (OR 5.25; 95% CI 1.47- 
18.76; p = 0.011)]. However, mortality in both the groups 
was not different 

* Criticism of the trial: There was inadequate process 
of randomization as patients were randomized to 
therapeutic hypothermia group on odd days and to 
normothermia group on even days. Also, if any patient in 
the normothermia group was found to have temperature 
below 37.4°C, they were warmed to raise their temperature. 


The Hypothermia after Cardiac Arrest (HACA) trial, 2002: 


e Multicentric trial 

e Conducted in Europe 

e Patients enrollment: 275 adult, comatose patients 
surviving a witnessed OHCA presumed to be of cardiac 
origin with shockable initial rhythm, either VF or 
ventricular tachycardia (VT) 

* Patient groups: Patients were randomly assigned to 
two groups, one received standard treatment with 
normothermia and the other group got therapeutic 
hypothermia (at a target temperature of 32-34°C, initiated 
at hospital after ROSC, for duration of 24 h). 

e Outcomes were assessed at 6 months (neurological 
outcomes and mortality) 
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e Results: At 6 months, therapeutic hypothermia group had 
both better neurological outcomes (Glasgow-Pittsburgh 
cerebral performance category of 1 or 2) compared to 
the standard treatment group [55% compared to 39%; 
p = 0.09—respiratory rate (RR) 1.4; 95% confidence 
interval (CI) 1.08-1.81]. Also, there was lower mortality 
at 6 months in the therapeutic hypothermia group [41% 
-compared to 55%; (RR 0.74; 95% CI 0.58-0.95)] 

e Criticisms of the trial: Recruitment for the trial was very 
slow. Only 8% of the screened patients were recruited 
in the actual study, leading to eventual termination 
of the trial. Predefined power calculation was lacking. 
Temperature control in normothermia group was not 
strict with average temperature almost 38°C as many 
patients had fever which was not adequately controlled. 
Also, preintervention Glasgow Coma Scale (GCS) was 
not recorded and there was nonstandardized withdrawal 
of support which may have lead to potential bias in the 
measured primary outcomes. 


International Liaison Committee 
on Resuscitation Statement, 2010: 


* Patients with OHCA who had initial cardiac rhythm in the 
form of VF or VT should undergo TTM after ROSC and if 
having post-cardiac arrest syndrome (PCAS) l 

e Patients with OHCA who had initial cardiac rhythm in 
the form of asystole or pulseless electrical activity (PEA) 
and patients with inhospital cardiac arrest (IHCA) may 
undergo TTM after ROSC and if having PCAS 

e Target temperature for TTM should be 32-34°C 

* The duration of therapeutic hypothermia should be 
12-24 hours. After these recommendations, TTM was 
accepted as the standard of care in PCAS by various 
professional societies. 


Neilsen et al., 2011: 


The evidence generated by therapeutic hypothermia, RCTs 
was reviewed using meta-analysis and trial sequential 
analysis found the evidence in support of therapeutic hypo- 
thermia was of low quality. 


Arrich et al, Cochrane Review, 2012: 


e They reviewed evidence presented in five RCTs and 
concluded that amongst the 481 patients included in 
these trials, in patients with cardiac arrest who had ROSC, 
mild therapeutic hypothermia improved survival led to 
better neurological outcomes. 

* Criticism of the Cochrane review, 2012 on therapeutic 
hypothermia: Two RCTs had baseline differences in 
their two groups of patients, whereas in two other 
trials, investigators were not adequately blinded to the 
interventions leading to potential bias. 


Neilsen et al, 2013: 


e Large multicentric trial 


e Conducted in Europe and Australia 

e Presented conflicting evidence as compared to previous 
trials 

e Patient enrollment: 939 patients of OHCA with presenting 
rhythm of either VF or VT, PEA or asystole who had ROSC 
and PCAS 

* "Patient groups: patients were randomly assigned to 
receive TTM at either 33°C or 36°C for duration of 
28 hours followed by fever prevention for next 48 hours 
(ie., 72 h of the cardiac arrest). Patients in the 33°C 
group had a target temperature of 33°C, with therapeutic 
hypothermia initiated at hospitalization after ROSC, for 
duration of 28 hours. Patients in the 36°C group received 
normothermia and strict fever control. After 72 hours a 
neurologist, blinded to the intervention received, would 
order continuity of care or withdrawal of treatment based 
on prognostic predictors of poor outcome [myoclonus, 
non-N20 response on somatosensory evoked potential 
(SSEP), no motor or pupillary response] 

e Results: There was no difference in the neurological 
outcomes and mortality in the two groups. About 50% of 
patients in the 33°C group compared to 52% in the 36°C 
survived (hazard ratio 1.06; 95% CI 0.89-1.28; p = 0.51). 
At 6 months follow-up, 54% patients in the 33°C group 
had not survived or had poor neurological outcome 
compared to 52% patients in the 36°C group (RR 1.02; 
95% CI 0.88-1.16; p = 0.78). In the subgroup of patients 
with VF or VT (80% of enrolled patients) as well, there 
was no difference in the two groups regarding benefit 
of TTM 

e Criticisms of the trial: The difference of temperature in the 
two groups was not large enough compared to the trials 
showing benefit (3°C compared to 4-4.5°C). Patients with 
unshockable rhythm were included. 


Kim etal., 2014: 


They studied prehospital application of therapeutic 
hypothermia after ROSC in patients with OHCA with 
presenting rhythm VF or non-VF. Compared to therapeutic 
hypothermia applied at hospital, there was no benefit in 
neurological outcomes or mortality. 


Debaty et al., 2014: 


They studied use of intracardiac arrest therapeutic 
hypothermia in patients with OHCA with any presenting 
rhythm. Patients were randomized to undergo therapeutic 
hypothermia at site of cardiac arrest or after reaching 
hospital. There was no difference in the groups with regards 
to neurological outcomes or mortality at 1 month after 
cardiac arrest. 


Zhang etal., 2015:. 


* They undertook a systemic review and meta-analysis of 
six RCTs including 1,417 patients, almost half of whom 
were treated with TTM 
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» ‘They studied the effect of mild-induced hypothermia 
(MIH) (target temperature <34°C), in patients with 
cardiac arrest (OHCA or IHCA) 

e "Results: No significant reduction in mortality due to MIH 
at discharge from hospital or at 6 months was found. 
However, there was reduction in mortality of cardiac 
arrest patients with shockable rhythm at discharge from 
hospital or at 6 months. Neurological outcomes were 
improved in patients with shockable rhythm at hospital 
discharge but not after 6 months. There was a higher 
incidence of complications in the MIH group. Trial 
sequential analysis could not confirm or reject the effect 
of the intervention. 


Inhospital Cardiac Arrest"? 


Mikkelsen et al., 2013: 


e A cohort study conducted in the United States 

e Studied the use of therapeutic hypothermia in IHCA ina 
large number of hospitals 

e Results: Therapeutic hypothermia was used in a very 
small number of patients (2%) and in half of these 
patients, it was used improperly (target temperature over 
or under achieved). 


Traumatic Brain Injuries?91416 


Clifton et al., 1993: 


e Aphaselltrial 
e It showed improvement in therapeutic hypothermia 
therapeutic hypothermia group. 


Marron et al., 1997: . 


e Randomized controlled trials 

e Patients enrolled: A total of 84 patients with severe 
traumatic brain injuries (TBI) 

e Patient groups: Standard care group or mild hypothermia 
group (target temperature 33°C for duration of 24 h) 

* Results: In patients with GCS of 5-7 at hospitalization, 
there was significant neurologic improvement at 3 and 
6 months in the mild hypothermia group. 


Clifton et al., 2001: 


e Also known as the North American Brain Injury Study: 
Hypothermia (NABIS:H) trial 

e Large, multicentric RCT 

e Patients enrolled: A total of 392 patients of all types of 
severe acute brain injury, in the age range 16-65 years 

e Patient groups: Normothermia (37°C) or surface 
cooling induced therapeutic hypothermia [therapeutic 
hypothermia started within 2-5 h of brain injury (early 
hypothermia), target temperature 33°C, for duration of 
48 h] 


e Results: No significant difference in neurological 
outcomes (57% in both the groups) and mortality (28% 
therapeutic hypothermia group and 27% normothermia 
group) in both the groups. Thus, therapeutic hypothermia 
was inefficacious in TBI. On subanalysis, it was found that 
patients who were hypothermic on hospital admission 
had improved outcomes, though the evidence was weak. 


Jiang et al., 2006: 


e Randomized controlled trials 

e Patients enrolled: A total of 215 patients with severe TBI 

e Patient groups: Patients randomized to receive 
therapeutic hypothermia at target temperature 33- 
35°C with cooling blankets for 48 hours (conventional 
therapeutic hypothermia) or >48 hours to 5 days 
(prolonged therapeutic hypothermia) 

e Results: Patients in prolonged therapeutic hypothermia 
group had better neurological outcomes. 


Kramer et al., 2009, Cochrane review: 


e It included 23 trials for a total of 1,614 patients who 
received early therapeutic hypothermia at target 
temperature 35°C for 12 hours I 

e "Patients treated with therapeutic hypothermia had better 
neurological outcomes and lower mortality 

e However, the studies showing statistical significance had 
methodology of poor quality. 


Clifton et al, 2011: 


e  [tisalso known as the NABIS:H II trial 

e Randomized controlled trials 

e Patients enrolled: A total of 97 patients of all types of 
severe TBI in the age range 16-45 years, presenting within 
2.5 hours ofthe injury 

e Patient groups: Normothermia (37°C) or therapeutic 
hypothermia [therapeutic hypothermia started within 
2-5 hours of brain injury (early hypothermia), target 
temperature 33°C, for duration of 48 h] 

e Results: There was nonsignificant improvement in 
neurological outcomes (60% compared to 57%) as well 
as mortality (2396 compared to 1896) in the therapeutic 
hypothermia group compared to normothermia group. 
In a subgroup of patients with hematoma which was 
surgically evacuated, there was significant improvement 
with early induced hypothermia 


Maekawa et al., 2015: - 


e Itis also known as the brain-hypothermia (B-HYPO) trial 

e Multicentric RCT 

ə Patients enrolled: A total of 148 patients with TBI in the 
age range 15-70 years . 

e Patient groups: Fever control group (35.5-37°C) or mild 
prolonged therapeutic hypothermia (target temperature 
32-34°C, for duration of 72 hours followed by rewarming 
at the rate of <1°C/day 


309 


310 


SECTION 6: Neurology 


e Results: There was no significant improvement in neuro- 
logical outcomes (RR 1.24; 95% CI 0.62-2.48; p = 0.597) 
or mortality (RR 1.82; 95% CI 0.82-4.03; p = 0.180) in 
the therapeutic hypothermia group compared to fever 
control group. 


Suehiro et al., 2015: 


In a secondary analysis of the B-HYPO trial results, TBI 
patients with hematoma who were young (age <50 years) and 
who had the hematoma surgically evacuated, had significant 
improvement with mild prolonged hypothermia. 


Refractory Intracranial 
Hypertension and Brain Edema’>"® 
Sadaka et al., 2012: 


A systematic review of 13 RCTs and 5 observational studies 
of patients with TBI with intracranial hypertension and who 
underwent treatment with therapeutic hypothermia. There 
was significant reduction in intracranial pressure. 


EUROTHERM3235: 

e Ongoing RCT 

e 1,800 patients with primary closed TBI with elevated 
intracranial pressure >20 mmHg 

e Patient groups: Patients were randomized to two groups. 
One group received standard treatment and the other 
group underwent therapeutic hypothermia at 32-35°C for 
period ot 48 hours and further as necessary to maintain 
intracranial pressure (ICP) <20 mmHg 

e Preliminary results: There was better outcome in the TTM 
group for controlling refractory intracranial hypertension. 


Stroke?2:14-16 
Ischemic Stroke 


Animal experimental studies: Therapeutic hypothermia is 
beneficial in animal models with therapeutic hypothermia. 
It was found to reduce both infarct size and neurological 
outcomes with earlier initiation of therapeutic hypothermia 
leading to reduced infarct size. 


Schwab et al., 1998: 


e Case series 

* Patients enrolled: Patients of stroke with middle cerebral 
artery occlusion leading to hemispheric infarction and 
out of window period for thrombolysis 

e A total of 25 patient received TTM (target temperature 
33°C for duration of 48-72 h with slow rewarming). 
Targeted temperature management was delivered by 
surface cooling 

e Result: There was significant reduction in mortality in 
TTM group as compared to natural history data. 


Guluma et al., 2006: 


They demonstrated that TTM was feasible and safe in 
awake, spontaneouslv breathing stroke patients using an 
endovascular device. 


Els et al., 2006: 


e Randomized controlled trials 

e Patients enrolled: A total of 25 patients with hemispheric 
ischemic stroke were enrolled 

e Patient groups: Randomized to hemicraniectomy alone 
or hemicraniectomy with therapeutic hypothermia 

e Results: There was statistically nonsignificant additional 
benefit oftherapeutic hypothermia in patients undergoing 
hemicraniectomy who had malignant ischemic stroke. 


Hemmen et al., 2010: 


e [tis also known as intravenous thrombolysis plus hypo- 
thermia for acute treatment of ischemic stroke (ICTuS) 
trial 

e Randomized controlled trials 

e Result: The trial demonstrated safety and feasibility 
of these therapies together, but here was no benefit of 
adding therapeutic hypothermia to thrombolysis in acute 
ischemic stroke 

e Criticisms of the trial: The trial was underpowered to 
demonstrate benefit of therapeutic hypothermia. 


Hemorrhagic Stroke 


Animal experimental studies: No benefit was demonstrated 
of therapeutic hypothermia for improving neurological 
outcomes in patients with intracranial hemorrhage. 


Den Hertog et al., Cochrane Review, 2009: 


e It included six RCTs and two other trials 
e Therapeutic hypothermia has no significant beneficial 
effect in the treatment of ischemic or hemorrhagic stroke. 


Kollmar et al., 2010: 


e Acase series 

* [t studied the effect of therapeutic hypothermia (35°C 
for 10 days) in 12 patients with spontaneous intracranial 
hematoma 

e Result: There was significant benefit in the reduction of 
perilesional edema. 


Acute Liver Failure and 
Hepatic Encephalopathy?*^ 
Jalan et al., 1999, 2003, 2004: In a total of 36 patients over 


3 case series, demonstrated benefit of TTM to lower ICP and 
act as bridge to liver transplantation. 
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Sepsis?! 

Animal experimental studies: Beneficial effect was demons- 
trated of therapeutic hypothermia in animal models of sepsis 
reducing bacterial dissemination and acute lung injury and 
increasing period of survival. 


Schortgen et al., 2012: 


e Multicentric RCT 

e Patients enrolled: A total of 200 patients with septic shock 
having fever, on mechanical ventilation and requiring 
vasopressors and sedation 

e Patients groups: Patients randomized to receive standard 
therapy or TTM (external cooling to target temperature 
36.5-37 C for duration of 48 h) 

e Results: There was significant reduction in surface body 
temperature, vasopressor dose at 12 hours and 14 days 
mortality in patients in the TTM group. 


Meningitis? 
Mourvillier et al., 2013: 


e Multicentric RCT 

e Patients enrolled: A total of 98 patients with bacterial 
meningitis and coma were recruited 

e Patients groups: Patients randomized to receive standard 
therapy or TTM (with intravenous bolus infusion of cold 
saline at 4'C, target temperature 32-34°C for duration of 
48 h, and passive rewarming) 

e Results: There was increased mortality in the TTM 
group (51% compared to 31%, p = 0.04) and the trial was 
prematurely terminated. 


Spinal Cord Injury? 


Animal experimental studies: Therapeutic hypothermia 
(both locally applied and systemic) has beneficial effect in 
spinal cord injury (SCI) offering neuroprotection. 


Romodanov et al. 


In the spinal cord hypothermia study, 113 patients received 
applied hypothermia during spinal cord neurosurgery and 
found it to have beneficial intraoperative and postoperative 
effects. 


Hayes et al., 1993: 


Applied mild therapeutic hypothermia in patients with 
compressive and conducive SCI and found improvement in 
cortical evoked potential. 


Levi et al., 2009: 


The demonstrated that therapeutic hypothermia through an 
endovascular catheter was safe and feasible in patients with 
acute cervical SCI. 


Madhavan et al., 2012: 


They demonstrated improvement in injury scores with mild 
therapeutic hypothermia (target temperature 33°C for 24 h 
and slow rewarming in 5 patients with iatrogenic SCI. 


Dididze et al., 2013: 


In a case-control study of 35 acute cervical SCI patients 
applied mild therapeutic hypothermia (using intravascular 
catheter, target temperature 33°C for 48 hours, rewarming 
at 0.1°C/h) and found it to have beneficial effect leading to 
improvement. 


Myocardial Infarction®®"*" 


Animal experimental studies: Conducted before reperfusion 
therapy era showed reduction in infarct size with therapeutic 
hypothermia. 

Early clinical studies by Dixon et al., 2002 and Lye et al., 
2005 were for providing proof of concept, assessment of 
feasibility and safety. 


Gotberg et al., 2010: 


e It was known as.the rapid cooling by cold saline and 
endovascular cooling before reperfusion in patients with 
ST-elevation myocardial infarction (Rapid MI-CE) trial. 

* Apilotstudy 

* -A total of 18 patients with MI underwent therapeutic 
hypothermia (target temperature 33°C, duration 3 h, 
rewarming 3 h) prior to reperfusion 

e Results: Application of therapeutic hypothermia did not 
delay reperfusion. Adequate therapeutic hypothermia was 
achieved in all patients. There was reduction in infarct size 
and no heart failüre in therapeutic hypothermia group. 


Grines et al., 2012: 


e It was known as intravascular cooling adjunctive to 
percutaneous coronary intervention (PCI; part 1) 
intravascular cooling adjunctive to primary coronary 
intervention (ICE-IT-I) trial 

e Randomized controlled trials 

e Patients enrolled: Total of 228 patients with MI 

e Patient groups: Patients were randomized to two groups. 
One group received standard reperfusion therapy and the 
other received TTM (using cold saline and endovascular 
cooling) and reperfusion therapy 

e Results: There was no evidence of benefit of TTM except 
slight reduction in infarct size in anterior wall infarcts. 


Erlinge et al., 2013: 


e Pooléd analysis of the Rapid MI-CE and another 
unpublished trial 

e Results: Patients with inferior and anterior infarct 
reaching target temperature at the time of reperfusion 
had reduction in infarct size. 
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Erlinge et al., 2014: 


* It was known as efficacy of endovascular catheter cooling 
combined with cold saline for the treatment of acute 
myocardial infarction ( CHILL-MI) trial 

e Multicentric RCT 

* -Patients were randomized to receive therapeutic hypo- 
thermia (using endovascular device, target temperature 
33°C for duration of 1 h) started prior to reperfusion or 
only reperfusion 

e Results: A quarter of the patients failed to reach 
temperature <35°C prior to reperfusion. There was 
increased delay in starting reperfusion therapy and failure 
to reduce infarct size in the therapeutic hypothermia 
group. But the size of anterior wall infarctions and heart 
failure at 45 days was reduced. 


Erlinge et al., 2015: 


Poolanalysis of Rapid MI-CEand CHILL-MI trials. Therapeutic 
hypothermia was found to be more effective when large area 
of at-risk myocardium is present, more effective in anterior 
wall MI and reduced heart failure. 


Nichol et al., 2015: 


* The evaluation of ultrafast hypothermia before re- 
perfusion in ST segment elevation myocardial infarction 
patients (VELOCITY) trial used a peritoneal lavage 
device for TH 

e Results: With the device, there was rapid and adequate 
cooling but there was delay in initiation of reperfusion, 
failure to reduce infarct size, increase in stent thrombosis, 
and other major adverse events. 


Trauma? 


There are no RCTs which support therapeutic hypothermia in 
trauma patients. 


Acute Respiratory Distress Syndrome®4 


Villar et al., 1993: Randomized controlled trial, 19 patients 
with septic acute respiratory distress syndrome (ARDS) 
who are mechanically ventilated and randomized to receive 
conventional treatment or TTM (32-35°C) with conventional 
treatment. There was reduction of mortality in the TTM group 
(67% compared to 100%). 

Dillon et al. in 2015 published a case report of use of TTM 
in lung contusion related ARDS. 


Hypoxic Ischemic Encephalopathy>*"4 


Shankaran et al., 2005: 

e Randomized controlled trial of infants who suffered mode- 
rate to severe hypoxic ischemic encephalopathy (HIE) 

* Patient groups: Infants were randomized to therapeutic 


hypothermia (target temperature 33.5°C, duration 72 h), 
and usual care 

* Results: Targeted temperature management reduced 
disability at 2 years and mortality significantly. 


Gluckman et al., 2005: 


e Randomized controlled trial of neonates who suffered 
moderate to severe HIE 

e Patient groups: Neonates randomized to usual care or 
TTM group (selective head cooling, target temperature 
34-35*C, duration 72 h) 

e Results: Nosignificantdifference in the disability at 2 years 
or mortality amongst the two groups, except in patients 
with moderately abnormal electroencephalogram, in 
whom there was benefit with TTM. 


Azzopardi et al., 2009: 


e Randomized controlled trial, which enrolled 325 infants 
with HIE 

* Patient groups: Infants were randomized to usual care or 
TTM 

e Results: There was no difference in the two groups with 
regard to death or disability. 


Jacobs et ål., 2013, Cochrane Review: 


Eleven RCTs with 1,505 infants who had suffered HIE. It 
stated that TTM was beneficial in term infants with HIE. 


i CURRENT STATUS OF TARGETED 
| TEMPERATURE MANAGEMENT/ 

| THERAPEUTIC HYPOTHERMIA IN 
# VARIOUS CLINICAL SCENARIOS’ _ 


` Outhospital Cardiac Arrest 


Target temperature management is recommended in the 
treatment of OHCA especially when the initial rhythm is VT 
or VE. Target temperature management is the standard of care 
in patients with OHCA. These patients should undergo TH at 
hospitalization (target temperature 33°C) within 4 hours of 
cardiac arrest for duration of 24-48 hours. After therapeutic 
hypothermia, fever control should be instituted for at least 
72 hours after the cardiac arrest. 

In patients with OHCA when initial rhythm is asystole or 
PEA, TTM may be used but evidence for its use is not robust. 
Also, there is no recommendation for its use in IHCA. 


Traumatic Brain Injuries 


Efficacy of TTM in the management of TBI has not been 
demonstrated in large RCTs. However, reduction in 


` secondary brain injury may be reduced by early, preoperative 


TH (animal experimental research and subanalysis of RCT). 
Hence, TTM may be considered in patients with TBI and 
raised ICP, in addition to other therapies. There should be 
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early initiation {< 2.5 h), prolonged duration (>48 h), and very 
slow rewarming («1*C/day). 


Refractory Intracranial 
Hypertension and Brain Edema 


Target temperature management is an effective, safe, and 
promising treatment strategy for controlling ICP in refractory 
intracranial hypertension and TBI. 


Stroke 


Sufficient evidence is not present to advocate the use of TTM 
in patients with stroke (ischemic or hemorrhagic). 


Acute Liver Failure and Hepatic Encephalopathy 


There is no large body of evidence to support the use of TH in 
patients with acute liver failure and hepatic encephalopathy. 
Randomized controlled trials in these patients will answer 
whether TTM is of use in the management of above patients. 


Sepsis 

Target temperature management is not recommended in the 
treatment of sepsis. 

Meningitis 


Target temperature management is not recommended for 
the treatment of patients with bacterial meningitis and in fact 
TTM has been found to be harmful in patients with bacterial 
meningitis. 


Spinal Cord Injury 


In SCI patients, benefit of TH has been demonstrated in 
limited number of patients. Large, well designed RCTs in 
these patients are needed. At present, there is lack of sufficient 
evidence to recommend TTM for the treatment of SCI. 


Myocardial Infarction 


Target temperature management is not recommended in the 
treatment of MI. Well-conducted and adequately powered 
RCTS are required. 

Trauma 


Target temperature management is not recommended in the 
treatment of trauma. 
Acute Respiratory Distress Syndrome 


Target temperature management is not recommended in 
the treatment of ARDS. Randomized controlled trials are 


required to assessthe potential of TTM as a treatment strategy 
in ARDS. 


Hypoxic ischemic Encephalopathy 


Target temperature management is recommended in the 
treatment of neonatal HIE and is the standard of care.’ 


= CONCLUSION 


The role of TTM is evolving. Target temperature management 
is recommended in OHCA, refractory raised ICP and 
neonatal HIE. Target temperature management is to be used 
judiciously and only in the clinical scenarios in which it is 
recommended. Its use in other clinical setting should be 
restricted to clinical trial. 


ijj REFERENCES 


1. Bernard SA, Gray TW, Buist MD, et al. Treatment of comatose survivors of 
out-of-hospital cardiac arrest with induced hypothermia. N Engl J Med. 
2002;346(8):557 -63. 

2. Holzer M, Cerchiari E, Martens P, et al. (Hypothermia after Cardiac Arrest Study 
Group). Mild therapeutic hypothermia to improve the neurologic outcome after 
cardiac arrest. N Engl J Med. 2002;346(8):549-56. 

3. Nielsen N, Friberg H, Gluud C, et al. Hypothermia after cardiac arrest should be 
further evaluated — a systematic review of randomised trials with meta-analysis 
and trial sequential analysis. Int J Cardiol. 2011;151(3):333-41. 

4. Nielsen N, Wetterslev J, Cronberg T, et al. Targeted temperature management at 
33°C versus 36°C after cardiac arrest. N Engl J Med. 2013;369(23):2197-206. 

5. Saigal S, Sharma JP, Dhurwe R, et al. Targeted temperature management: 
Current evidence and practices in critical care. Indian J Crit Care Med. 
2015;19(9):537-46. 

6. Polderman KH, Herold I. Therapeutic hypothermia and controlled normothermia 
in the intensive care unit: Practical considerations, side effects, and cooling 
methods. Crit Care Med. 2009;37(3):1101-20. 

7. Nunnally ME, Jaeschke R, Bellingan GJ, et al. Targeted temperature management 
in critical care: A report and recommendations from five professional societies. 
Crit Care Med. 201 1;39(5):1113-25. 

8. Perman SM, Goyal M, Neumar RW, et al. Clinical Applications of Targeted 
Temperature Management. Chest. 2014;145(2):386-93. 

9. Kuroda Y. Neurocritical care update. Journal of Intensive Care. 2016;4:36. 

10. Vaity C, Al-Subaie N, Cecconi M. Cooling techniques for targeted temperature 
management post-cardiac arrest. Critical Care. 2015;19:103. 

11. Fukuda T. Targeted temperature management for adult out-of-hospital cardiac 
amest: current concepts and clinical applications. Journal of Intensive Care. 
2016;4:30. 

12. Zhang XW, Xie JF, Chen JX, et al. The effect of mild induced hypothermia 
on outcomes of patients after cardiac arrest: a systematic review and meta- 
analysis of randomised controlled trials. Critical Care. 2015;19:417. 

13. Mikkelsen ME, Christie JD, Abella BS, et al. Use of therapeutic hypothermia after 
in-hospital cardiac arrest. Crit Care Med. 2013;41(6):1385-95. 

14. Corry JJ. Use of hypothermia in the intensive care unit. World J Crit Care Med. 
2012:1(4):106-22. 

15. Yokobori S, Yokota H. Targeted temperature management in traumatic brain 
injury. Journal of Intensive Care. 2016;4:28. 

16. Andresen M, Gazmuri JT, Marin A, et al. Therapeutic hypothermia for acute 
brain injuries. Scandinavian Journal of Trauma, Resuscitation and Emergency 
Medicine. 2015;23:42. 

17. Wang J, Pearse DD. Therapeutic hypothermia in spinal cord injury: The status of 
its use and open questions. Int J Mol Sci. 2015;16(8):16848-79. 

18. Kang IS, Fumiaki |, Pyun WB. Therapeutic hypothermia for cardioprotection in 
acute myocardial infarction. Yonsei Med J. 2016;57(2):291-7. 


313 


Management of 
the Brain-dead Organ Donor 


Mohan A Mathew 


& INTRODUCTION 


The definition of death of an organism has been diversified 
among various cultures, as per Indian mythology "Death is 
separation of soul (Atman) from body, where it goes through 
the cycle of birth-death-rebirth and ultimately merges with 
the universe (Brahman)" In Biblical terms, "God created man 
(Adam) out of the dust of the earth and inspired the breath of 
life into his nostrils and a man became a living soul then the 
dust will return to the earth as it was, and the spirit will return 
‘to God who gave it" (Ecclesiastes 12:7). Whereas the concept 
of brain death has been developed with the development 
of organ transplantation. By definition, brain death is a 
total irreversible cessation of functioning of the brain. The 
American Association of Neurology has defined brain death 
with three cardinal signs, cessation of the functions of the 


brain including the brainstem, coma, or unresponsiveness 


and apnea.! 


I CLINICAL DIAGNOSIS OF BRAIN DEATH 


It can be described under following headings: 

* Establishing the cause of disease 

* Excluding certain potentially reversible syndromes that 
may produce signs similar to brain death 

* Demonstrating clinical signs of brain death: coma, 
brainstem areflexia, and apnea. 


Establishing the Cause of Disease 


Brain death can occur when the blood and/or oxygen supply 
to the brain is stopped. This can be caused by: 

* Cardiac arrest 

* Stroke 

* Severe head injury 

* Intracranial hemorrhage 

* Infections (e.g., encephalitis) 

* Brain tumor. 


Confounding Factors 


There are multiple confounding factors those need to be 
excluded before diagnosing brain death (Table 1). 


Demonstrating Clinical Signs of Brain Death 
Coma 


The patient should be in coma and scored as 3 on the Glasgow 
Coma Scale. Motor responses of the limbs or facial muscles 
to painful supraorbital pressure should be absent. Motor 
responses (i.e., the Lazarus sign) may occur spontaneously 
during apnea testing and are considered to have a spinal 
origin. This sign is often observed during hypoxic or 
hypotensive episodes. 


Brainstem Areflexia 


The following reflexes should be demonstrated: 

* Pupils nonreactive to bright light 

* Cornea reflex absent 

* Oculocephalic reflex absent (tested only if C-spine 
integrity ensured) 


TABLE 1 Prerequisites before diagnosing brain death 


| Central nervous - D Absence of CNS depressant drugs (if required 


| system (CNS) — | _ toxicology screening should bedone) — 
| Respiratory ] e Absence of spontaneous breaths 

: system . e Absence of residual paralytics (nerve 

| 


' Cardiovascular i e Absence of significant hypotension 
. system i 


; Endocrine system ` e Absence of severe endocrine disorders 


i Metabolic factors : e Absence of severe electrolyte disturbances : 
l : @ Absence of hypothermia (temperature <36°C) : 
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e  Oculovestibular reflex absent 

e No facial movement to noxious stimuli at supraorbital 
nerve or temporomandibular joint 

e Gag reflex absent 

e Cough reflex absent to tracheal suctioning 

e Absence of motor response to noxious stimuli in all four 
limbs 

e Spinally mediated reflexes are permissible. 


Apnea Test 


Patient should be hemodynamically stable before doing 
apnea test. Ventilator settings are adjusted to provide 
normocarbia [partial arterial pressure of carbon dioxide 
(PaCO,) 34-45 mmHg]. Patient preoxygenated with 100% 
fraction of inspired oxygen concentration (FiO;) and 
positive end-expiratory pressure (PEEP) of 5 cmH,O for 
more than 10 minutes to increase partial arterial pressure 
of oxygen (PaO;) more than 200 mmHg. Provide oxygen via 
a suction catheter to the level of the carina at 6 L/min then 
disconnect ventilator watch for absence of spontaneous 
respirations, arterial blood gas drawn at 8-10 minutes, 
patient reconnected to ventilator and apnea is considered 
to be positive if PCO, more than 60 mmHg or 20 mmHg rise 
from normal baseline value. 


Role of Auxiliary Tests 


Only to be performed if clinical examination cannot be fully 
performed because of patient factors or if apnea testing 
inconclusive or aborted. The following tests are usually 
considered: 


TABLE 2 Deceased organ donation statistics—2015 


No. of 


. Liver 


*ODR : Kidney 
: donors . (pmp) ; 


i Tamil Nadu 


| Kerala 


i Maharashtra 


den de tod e rel 
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Rajasthan: a2 


' Total 


ODR, organ donation rate; pmp, people per million population. 


Heart 
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e Cerebral angiogram 

Single-photon emission computed tomography 
* Electroencephalogram 

e Transcranial Doppler. 


* NEED FOR BRAIN-DEAD 
., DONOR MANAGEMENT 


The most common obstacle in conducting organ transplant 
is the availability of donor organ, leading to an exponential 
increase in the waiting list of potential tansplant recipients.? 
Organ donation statistics in India are not exciting, lack of 
public awareness, cultural and social issues are some of the 
issues associated with it. In India, the deceased donor organ 
donation rate is only 0.5 per million, while in USA at 25.6 per 
million and 18.3 per million in the United Kingdom.?? The 
provisional state-wide organ donation statistics for the year 
2015 is given in table 2. 


{| PATHOPHYSIOLOGY OF BRAIN DEATH 
Cardiovascular System 


Hemodynamic consequences associated with brain death 
are related to processes occurring during ischemic insult to 
brainstem [most often due to raised intracranial pressure 
(ICP) leading to cerebral herniation through the tentorium], 
these responses are as a result of complex interplay 
among neurohumoral, hormonal, and proinflammatory 
mechanisms, Clinically observed hemodynamic changes can 
be of two distinct phases, i.e., progressive ischemic phase and 
brainstem death completion phase. 
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*The above mentioned factors should be considered before diagnosing a patient brain dead, as all of them can mimic the clinical picture of brain death. 
Source: Shroff S, Navin S. Tier two cities-‘new kid cn the block'in the deceased donation transplantation programme as it reaches new heights in India. Editorial. Indian 


Transplant Newsletter. 2015;15(46):1-3, with permission. 
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Progressive Ischemic Phase 


This phase is characterized by rising ICP leading to impaired 
cerebral perfusion necessitating a compensatory rise in 
mean arterial pressure (Cushing reflex). Due to pontine 
sympathetic stimulation, there may be hypertension, 
tachycardia, and features of acute myocardial dysfunction. A 
cardiomyopathy-like pattern due to catecholamine-mediated 
myocyte necrosis and intense coronary vasoconstriction first 


"described by Takotsubo may be seen. This phenomenon 


against the background of increased oxygen demands 
leads to subendocardial ischemia and cardiac dysfunction 
(Flowchart 1). 


Brainstem Death Completion Phase 


This phase is characterized by withdrawal of sympathetic 
stimulation with vasodialatation, hypotension, relative hypo- 
volemia, and reduced cardiac afterload and preload. This is 
compounded by further fluid loss due to associated diabetes 
insipidus from pituitary ischemia and hyperosmolar therapy 
for managing elevated ICP. This hemodynamic profile 
is further complicated by associated acidosis, hypoxia, 
anemia, hypothermia, relative adrenal deficiency, electrolyte 
abnormalities, and sepsis? (Flowchart 2). 


Respiratory System 


The primary respiratory center, consisting of the inspiratory 
and expiratory neurons, is located in medulla oblongata. 
In brain death, spontaneous respiration does not occur in 


CPP = MAP-ICP 
Decrease in CPP because of increase in ICP 


Activation of pons Inactivation of medulla 
Sympathetic activation (Cushing reflex) Vagal inhibition 


Unopposed sympathetic activity 
Massive catecholamine surge/autonomic storm 


Hypertension| /Tachyarrhythmia 


necrosis | | vasoconstriction 


Subendocardial ischemia LV and RV failure 


CPP, cerebral perfusion pressure; ICP, intracranial pressure; MAP, mean 
arterial pressure; LV, left ventricular; RV, right ventricular. 


FLOWCHART i: Progressive ischemic phase 


Deactivation of sympathetic system 
Loss of vasomotor tone 
DI 


Hyperosmotic | | Profound vasodilatation 


Sepsis 
acidosis 


Rx to [ICP 


+ , + 
Decreased preload Decreased afterload 


Severe myocardial depression and hypotension 


* Acidosis 
* Anemia 


* Hypoxia 
* Electrolyte imbalance 
* Adrenal suppression 


DI, diabetes insipidus; /, decrease; ICP, intracranial pressure; +, aggravates. 


FLOWCHART 2: Brainstem death completion phase 


patients even when PaCO, reaches 55-60 mmHg. Confirming 
apnea is one of the important aspects of determining brain 
death. Mechanical stimulation of the carina to induce the 
cough reflex is useful in detecting residual functioning of 
the medullary respiratory neurons. Catecholamine surge 
with increased sympathetic discharges and release of 
neuropeptide Y causes pulmonary vasoconstriction and 
increase in pulmonary capillary hydrostatic pressure causing 
pulmonary edema (neurogenic pulmonary edema). The lungs 
are also damaged by loss of vasomotor tone, hypotension, 
and development of systemic inflammatory responses. 


Endocrine System 


The sella turcica protects the pituitary gland from 
compression caused by swelling of the brain. The endocrine 
dysfunction observed in brain death is mainly because of 
vascular insufficiency caused by increasing ICP. In autopsy 
studies, posterior pituitary lobe has been found to be 
preserved in majority and the maximum dainage is to the 
anterior pituitary lobe. Due to axoplasmic disruption, flow 
of vasopressin from hypothalamus to posterior pituitary is 
disrupted. Other hypothalamic-releasing hormones were 
found in trace to subnormal levels. 


Temperature Regulation 


In brain-dead patients, the neural connection between 
the temperature-regulating center and peripheral body 
tissues is lost and the patient becomes poikilothermic. 
Hence, it is important to maintain body temperature in 
brain-dead patients to maintain perfusion and avoid acid- 
base abnormalities. Even during diagnosis of brain death 
normothermia is one of the important criteria to be fulfilled. 
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immune System 


Brain death induces a myriad of inflammatory responses 
which collectively results in systemic inflammatory response 
syndrome.? The possible mechanisms are: 
e Inflammatory mediators released from the ischemic 
brain 
e Catecholamine surge causing: 
o Anaerobic metabolism which results in release of 
inflammatory mediators 
o Flow-induced shear stress of the endothelial cells 
o Ischemia of the gut 
e Neuropeptides released from the nervous system also 
play a role in inflammation. 


— 
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& MANAGEMENT OF BRAIN-DEAD PATIENT 


Once brain death is confirmed, intensivist plays an important 
role in optimizing the patient. The goals of management shift 
from improving cerebral perfusion pressure to maintaining 
hemodynamic stability to maximizing the likelihood of 
successful organ procurement. It involves multidisciplinary 
management by collaboration with organ procurement 
organization (OPO) personnel, preparing the family for 
devastating news, counseling them on end-of-life issues, and 
preserving the option of organ donation. 

Due to the complex physiological changes, following 
brain death and its effect on different organs necessitate 
the importance of multisystem management, which can be 
described under the following headings. 


Monitoring 


e Central venous pressure 

e Pulmonary artery occlusion pressure: Risks and benefits 
should be considered, whenever using pulmonary artery 
catheter 

e Invasive arterial blood pressure 

ə Central venous or mixed venous saturation (SCVO, and 
SVO;) 

* Cardiac output monitoring along with systemic vascular 
resistance, stroke volume, and cardiac index 

e Stroke volume variation or pulse pressure variation 

* Transthoracic and transesophageal echocardiography: 
Echocardiography is usually done for determination of 
the suitability of the heart for transplantation. Ideally, 
it should be deferred until the donor has weaned off of 
catecholamines. Ifan echocardiography performed early in 
the course of brain death demonstrates significant cardiac 
dysfunction, the echocardiography should be repeated 12- 
24 hours following aggressive donor management 

e Arterial blood gases (base deficit and lactate levels) 

¢ Urine output monitoring 

¢ Temperature. 


Cardiovascular System 
Fluid Management® 


e IÀnitialintravascular volume replacement with crystalloids 

* The preferred isotonic crystalloids are balanced 
crystalloid and lactated Ringer's solution 

e Half normal saline and 5% dextrose solutions are used in 
the setting of hypernatremia (>155 mEq/dL) 

e  Hydroxyethyl starch should not be used routinely for 
resuscitation in organ donors 

e Blood and blood products as per requirement to target 
hemoglobin above 7 g/dL. 


Vasoactive Drugs 


e  Catecholamine-induced tachycardia and its harmful 
effects on heart can be managed by administering 
esmolol, which increases heart procurement!! 

e Dopamine considered to be the first line drug for manage- 
ment of cardiovascular collapse following brainstem 
death because of its immunomodulatory action thereby 
decreasing the effect of ischemic reperfusion injury?! 

e Vasopressin is an alternative first line agent and can also 
serve as an additional vasopressor in cases of refractory 
shock!® 

e Norepinephrine is used as an additional pressor when 
dopamine infusion rates approach more than 10 ug/kg/ 
min or marked hemodynamic instability is present 

e Dopamine, dobutamine or epinephrine may be used in 
primary cardiac pump dysfunction. 


Hemodynamic Targets’ 


e Mean arterial pressure at least 60 mmHg 

e Central venous pressure around 8-10 mmHg 
e Urine output at least 1 mL/kg/h 

e Left ventricle ejection fraction at least 45% 

e Lowest vasopressor dose possible 

e Hemoglobin above 7 g/dL. 


Respiratory System 


* The focus of pulmonary management is to recruit 
and retain lung units while limiting tidal volume and 
inspiratory pressure. This strategy is extrapolated from 
studies in acute respiratory distress syndrome 

ə Common approach is a low-tidal volume (6-8 mL/kg), 
low FiO, and relatively high PEEP!é 

e Bronchoscopy should be performed in all potential lung 
donors, both to assess for occult aspiration and infection 
and to perform therapeutic airway clearance 

e Fluid management protocols in lung donor management 
include aiming for neutral or net negative fluid balance 
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to avoid volume overload and maintenance of blood 
pressure with vasopressors rather than aggressive fluid 
resuscitation.” 


Pulmonary Target 


e Partial arterial pressure of O,/FiO, ratio more than 
300 mmHg is widely considered the minimum acceptable 
oxygenation threshold for lung donation.9" 


Endocrine System 


Four hormenal resuscitation: Organ Procurement and Trans- 
plantation Network and United Nations Network for Organ 
Sharing multivariate studies on hormonal treatment of brain- 
dead donors with thyroxine (T3/T4), methylprednisolone, 
and arginine vasopressin revealed significant increases in 
the number of organs transplanted and in 1-year survival of 
kidneys and hearts. 


Vasopressin 


e Treatment with antidiuretic hormone should be 
considered when hypotension persists despite adequate 
volume resuscitation and also in the presence of diabetes 
insipidus [as defined by polyuria with urine output 
>3-4 L/day or 2.5-3.0 mL/kg/h, normal or increased 
serum Osmolality, inappropriately dilute urine (specific 
gravity <1.005, urine osmolality <200 mOsm/kg water) 
and hypernatremia (Na* »145 mmol/L) 

e For the management of circulatory shock, vasopressin at 
a dose of 0.01-0.04 IU/min is used 

e Forthe management of diabetes insipidus with significant 
hypernatremia (sodium >145-150 mmol/L) without 
hypotension desmopressin is used at an intravenous dose 
of 1-4 yg initially followed by additional dose of 1-2 pg 
based on the response 

e Both vasopressin and desmopressin can be used 
concurrently in the hemodynamically unstable donor 
with severe hypernatremia 

e Electrolytes should be monitored closely as urinary 
losses associated with diabetes insipidus can lead to 
hypokalemia, hypophosphatemia, and hypomagnesemia. 
These electrolytes should be replenished. 


Thyroid Hormone 


e Thyroid replacement therapy either alone or as part 
of a combination hormone therapy with vasopressin, 
corticosteroids, and insulin should be considered for 
hemodynamically unstable patients 

e Either T3 or T4 can be used, T4 dose is 20 pg bolus and 
followed by an infusion at 10 ug/h, whereas T3 dose is 
4 pg bolus and followed by an infusion at 3 pg/h. 


Corticosteroids 


e High-dose corticosteroid administration (methylpredni- 
solone 15 mg/kg intravenous bolus followed by 24 hourly 
or 250 mg intravenous bolus followed by infusion at 
100 mg/h) reduces the potential deleterious effects of the 
inflammatory cascade on donor organ function following 
brain death”? 

e Ideally, it should be administered after blood has been 
collected for tissue typing as it has the potential to 
suppress human leukocyte antigen expression. 


Insulin 


e Hyperglycemia in the donor is common and exacerbated 
by steroid therapy 

e Poor glucose control adversely affects donor renal function 

e Insulin management should target a glucose level 
between 120 mg/dL and 180 mg/dL.?! 


Temperature Management 


e Donor management should include active warming to 
maintain a body temperature above 35°C before and 
during organ procurement. 


| DONOR CRITERIA 


Traditionally, young and healthy brain-dead donors were 
considered for organ donation. The donor criteria have been 
extended, though not definitive and evolving, necessitated 
by a long-waiting list of potential recipients. These extended 
criteria include advanced age, prolonged cold ischemia time, 
inferior organ function, and other comorbidities.??? 


Extended Criteria for Heart Donation^?^4 


e The donor criteria may be extended to 55 years with 
acceptable recipient mortality rate 

e Mild left ventricular hypertrophy (wall thickness «1.4 cm) 
is acceptable for cardiac transplant 

e Prolonged cardiac arrest with return of spontaneous 
circulation within 20 minutes may be acceptable as a 
donor criteria. 


Extended Criteria.for Kidney Donation? 


e Donors more than 60 years of age 
e Donors 50-59 years of age with two of the following three 
characteristics: 
1. History of hypertension 
2. Death caused by cerebrovascular accident 
3. Preterminal serum creatinine level more than 
1.5 mg/dL. 
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Extended Criteria for Liver Donation2®2’ 


e Most factors by themselves do not contraindicate liver 
transplantation. Because of liberalized liver donor 
selection criteria, all potential donors should be discussed 
with the local OPO before making any decisions about 
donor suitability, successful transplantation has been 
routinely completed with these "marginal" organs 

ə Livers with a macrovesicular steatosis more than 30% 
should be approached with caution, weighing the risks 
and benefits for the intended recipients. 


Extended Criteria for Lung Donation?? 


e Ideal lung donation criteria are over restrictive for 
donation. As many transplant programs now utilize more 
liberal criteria, all potential donors should be discussed 
with the OPO and lung transplant teams to determine 
suitability for lung donation 

e Ideal lung donor criteria: 

o Age less than 55 years 

o Smoking history less than 20 pack-years 

o Clear chest radiograph 

o PaO, more than 300 mmHg with 100% FiO, and PEEP 
of 5 cnH;O 

Absence of significant chest trauma 

No evidence of aspiration or sepsis 

No prior cardiothoracic surgery 

No organisms on donor Gram stain 

No purulent secretions or gastric contents on 

bronchoscopy 

o No history of significant chronic lung disease. 
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j CONCLUSION _ 


Organ donation is the most “sacred gift” that a person can 
give. It is not only life saving but also life transforming act. 
Indian statistics of organ donation are not exciting due 
to the lack of awareness among general public as well as 
medical fraternity working in peripheries. Both intensivist 
and primary physician have to play active role in diagnosing 
and managing brain dead organ donors. Most importantly all 
emerging intensivists should be trained on brain dead organ 
management during their academic curriculam. 
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Lung Ultrasound in Intensive Care Unit: 
Current Application 
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:; INTRODUCTION 

Until recently, the use of lung ultrasound (US) as a 
diagnostic tool was considered impossible on the grounds of 
conventional knowledge that the US beam cannot normally 
pass through air-filled structures and as lungs are filled with 
air, they are not amenable to US imaging. 

This theory has been rejected and lung US is currently 
considered the fastest, noninvasive, diagnostic approach 
in the intensive care unit (ICU), emergency, and even field 
settings.! In fact, there has been a paradigm shift and lung US 
is no longer simply restricted to diagnosis—it has become a 
respiratory monitoring tool. 

Lung US is based on the fact that every acute disease 
reduces lung aeration, changing the lung surface and 
generating distinct and predictable patterns; this allows for 
the diagnosis of various conditions and the monitoring of 
therapeutic interventions.?? 

The main advantage of lung US is that it is a dynamic 
bedside-scanning tool. The lung US findings complement 
physical examination findings and clinical impression.‘ 
Portable-sonographic equipment also allows US evaluation 
at any time and in any place and repeated scans can be done 
to follow up of pathology and have real time monitoring of 
response to therapy. Besides this, it also has a small learning 
curve; these features have led to the proliferation in use 
of lung US by nonspecialists, including emergency room 
physicians, intensivists and pulmonologists.* 

In contrast to computed tomography (CT) scans, US 
is noninvasive and does not employ radiation or contrast 
material and may be applied on patients, irrespective of their 
age, during pregnancy, under conditions of renal failure, or in 
patients with allergy against contrast material. 

Lung ultrasonography is superior to standard supine 
radiography and similar to chest CT in detecting many 
findings that are importantto the intensivist. It is able to detect 
lung consolidation, alveolar-interstitial fluid accumulation, 
normal aeration pattern, pneumothorax (PTX) and pleural 


Box 1: Current and potential application of lung ultrasound 
Diagnosis of pneumothorax 

Diagnosis of interstitial syndrome 

Diagnosis and differentiation of underlying cause of pleural 
effusion and selecting the optimal puncture site for pleural 
tapping 

Diagnosis of pulmonary consolidation and pneumonia 
Diagnosis of atelectasis 


Diagnosis of pulmonary edema and differentiate it from acute 
respiratory distress syndrome 


Diagnosis of pulmonary embolism 


Monitoring of lung disease (severity, progress and response to 
therapy) 


Optimizing mechanical ventilation 


fluid. The current uses and potential applications are 
summarized in box 1. The aim of this chapter is to provide 
anintroduction to US imaging ofthe lungs and to summarize 
the findings associated with basic respiratory disorders. 


fi PHYSICS OF LUNG ULTRASONOGRAPHY 


Due to the large difference in acoustic impedance (resistance 
to passage of US beams) between air and tissue, there is 
reflection of the US wave at any tissue-air interface. In 
addition, air has an unfavorable attenuation coefficient 
(characterizes how easily air can be penetrated by light, 
sound, or other energy). 

These issues block any attempt to scan through air to 
deeper body structures and instead produce homogeneous 
amorphic, gray-white artifacts that occupy the US screen 
beyond any tissue-air interface. As lung parenchyma is 
normally filled with air, the lung is not visible as a discreet 
structural entity with US. However, when air is displaced 
from the lung by a disease process, US findings change in a 
predictable fashion, which can be detected and followed up 
in real time. 
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Thus, the findings of lung US relate to the ratio of air to 
fluid within the lung; different artifacts are produced in 
different conditions proportionate to the degree of aeration/ 
deaeration. Lung US is based on a systematic analysis of 
these artifacts. For example, edematous lung, though still 
aerated, has air artifact patterns that are different than 
normally aerated lung. Likewise, lung that is consolidated 
from pneumonia or atelectasis (i.e., airless) appears as a well- 
defined hyperechoic structure. 

While aerated lung will block US visualization of an 
abnormality deep within the lung, most lung processes 
that are of interest to the intensivist (e.g., pneumonia and 
hydrostatic pulmonary edema) have US findings that extend 
to the periphery of the lung and can easily be visualized and 
interpreted.* 


« HOW TO PERFORM LUNG 
|| ULTRASONOGRAPHY? 


Unlike chest radiography or chest CT where the radiologist 
and intensivist interpret a static image, lung US relies on 
dynamic image acquisition performed by the intensivist at 
the bedside of the critically ill patient. 


Machine and Transducer 


Lung ultrasonography may be performed with practically any 
US machine with 2-dimensional (2D) scanning capability. 
Some newer machines have image-smoothing technology, 
which filters out artifacts by default, such machines may not 
be appropriate for lung imaging. Doppler capability is not 
required for critical care lung ultrasonography. 


Transducer Selection : 


Since lung US depends on interpretation of artifacts, any 
transducer—linear, curvilinear, phased array, or microconvex 


FIG. 1: Ultrasound zones of thorax 


probe can be used. It is suggested to start the scan using a 
curvilinear probe, which allows us to scan two to three 
interspaces in one go, especially, when we wish to scan the 
chest rapidly and for posterior sections of the chest wherein 
the chest wall is thicker. For a detailed assessment and 
procedural guidance, the linear transducer may be selected. 

One must be flexible in approach to scan areas of interest 
and change of transducers may be required. High-frequency 
linear transducers (9-12 MHz) best visualize the pleura, 
its anatomy and lung sliding; lower frequency curvilinear 
transducers (2.5-5 MHz) allow better appreciation of the 
extension of B-lines and of consolidations/effusions. When 
evaluating findings such as A-lines or B-lines (see later), the 
depth setting on the machine should be set to image deeper 
structures. When examining for sliding lung, the depth setting 
should be set for imaging near structures. 

Initially, the transducer is positioned in a longitudinal 
orientation and perpendicular to the skin with its marker 
directed to the head of the patient and perpendicular to the 
ribs. By moving the transducer along a series of longitudinal 
scan lines while imaging through adjacent interspaces, the 
examiner can perform a complete lung examination in an 


.efficient manner while constructing a three-dimensional 


image of the thorax. In case, there is a finding suggestive of 
pathology, the transducer can then be rotated and oriented 
transversely between the ribs to view specific intercostal 
spaces in details so that the extent of the pathology can be 
defined. 

It is helpful to examine the thorax using an organized 
section approach, so that results can be referenced to a 
particular area. 

In general, patients are examined in the supine position, 
with the head of the bed elevated. The anterior and posterior 
axillary lines are the reference points for the examination, 
dividing the thorax into three zones, which are further 
subdivided into upper and lower sections by a line passing 
through the nipple (Fig. 1). 
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FIG. 2: Pleural line 


The anterior zone is bordered by the sternum and the 
anterior axillary line, while the lateral zone lies between the 
anterior and posterior axillary lines. The posterior region 
lies behind the posterior axillary line. This is frequently an 
important area to image, as pleural effusions and posterior 
consolidations are found in the dependent thorax. To 
image these areas, the transducer may have to be pressed 
into the patient's mattress and angled toward the center 
of the body. In order to completely examine the posterior 


. lung in the supine patient, the patient may-be-placed in the 


lateral decubitus position. As with the anterior and lateral 
examination, lung ultrasonography is then performed by 
applying the transducer at multiple interspaces on the back. 
These divisions do not correlate to any specific lobe of the 
lung and serve to ensure a systematic sectorial approach to 
examination. 


® IMPORTANT FINDINGS OF 
` LUNG ULTRASONOGRAPHY 


‘The important findings of critical care lung ultrasonography 
are as follows. 


Pleural Line 


With the transducer held perpendicular to the skin surface 
in a longitudinal orientation and centered over an intercostal 
space, the depth has to be adjusted to examine the pleural 
interface. One can see the images of the skin subcutaneous 
tissues and muscles. The intercostal space is bordered by 
the hyperechoic surface of ribs and underlying rib shadows; 
in the intercostal space, we see a horizontally orientated 
hyperechoic line approximately 0.5 cm deep to the origin of 
the rib shadows. This hyperechoic line is an artifactual line, 
which represents the interface of the visceral and parietal 
pleural surfaces and is called the pleural line (Fig. 2). 
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Pleural line 


"ox N 


Ribs with shadowing 


Lung Sliding 


Lung sliding is a key lung US finding. During respiration, 
the two pleural surfaces slide against each other, and this 
appears as a shimmering white line artifact. This to and 
fro movement of the pleural line in synchrony with the 
respiratory movements is called lung sliding.!? 

Lung sliding is easily identified on B-mode US especially 
being more pronounced in the lateral and lower part of the 


-. lungs as it descehds down during inspiration. = 


On M-mode US, lung sliding appears as a specific sign, 
known as the seashore sign, which is characterized by alinear 
pattern corresponding to the chest wall (no movement) above 
the pleural line (light or hyperechoic) and a homogeneous 
granular pattern an artifact generated by respiratory cycles 
and air movement below the pleural line (Fig. 3). 

Lung sliding is found in normal lungs, and is reduced or 
absent in pathologies that affect lung mobility, lung sliding 
becomes restricted in pulmonary overexpansion,- acute 
respiratory distress syndrome (ARDS), chronic adherences, 
fibrosis, phrenic palsy, jet ventilation, while it disappears in 
PTX, complete atelectasis, pleural fibrosis and apnea The 
positive-predictive value of abolished lung sliding is 87% in 
a general population,’ and falls to 56% in the critically ill, and 
to 27% in patients with respiratory failure. 


A-lines 


- 


The normal lung parenchyma (as well as any anatomical 
structure filled with gas) cannot be seen beyond the 
pleural line, given that the presence of air prevents US wave 
propagation. When US beams encounter the air tissue 
interfacethere is production of artifacts known as A-lines. 
A-lines are horizontally orientated lines seen deep to the 
pleural line. They represent reverberation artifacts from US 
reflection between the pleural surface and the outer surface of 


325 ` 


326 


FIG. 3: Lung sliding and seashore sign 
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FIG. 4: A-lines 


the chest wall. Therefore, their depth is a multiplicative of the 
distance between the skin surface and the pleural line (Fig. 4). 

A-lines denote presence of air, either within the lung as in 
anormal aerated lung or outside the lung as in a case of PTX. 
Hence, A-lines with lung sliding are consistent with normal 
aeration pattern. Only A-lines with no lung sliding could 
denote a PTX. 


B-lines 


B-lines are artifacts that appear as vertically orientated 
lines that originate at the pleural interface. They must efface 
A-lines where the two intersect. They always extend in a ray- 
like fashion to the bottom of the viewing screen, and they 
generally move synchronously with lung sliding. They may, 
however, be immobile in the absence of lung sliding. 


The B-line artifact strongly correlates with interstitial 
edema B-lines are formed when air and water are 
simultaneously hit by US beams, as occurring when sub- 
pleural interlobular septa are edematous (Fig. 5). Three 
or more B-lines in two adjacent intercostal spaces may be 
considered as significant finding. 

The presence of B-lines with a distance «7 mm apart 
corresponds to interlobular tissue thickening. The pattern 
of diffuse B-lines in lung parenchyma with.a distance less 
than 3 mm are also called lung rockets corresponds with a 
ground-glass pattern in chest CT scan? (Fig. 6). A positive 
correlation was found between the number of B-lines (comet 
score) and pulmonary capillary wedge pressure (PCWP), 
as well as with extravascular lung water (EVLW).!^? Since 
B-lines arise from the pleural line, their presence rules out 
a PTX in that field? 
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FIG. 5: B-lines: how they are formed? 


FIG. 6: Computed tomography correlation of B-lines. A and B, Ground glass shadows on com 
Cand D, Interstitial infiltrates correlates with B-lines 7 mm apart 
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puted tomography correlates to confluent B-lines. 
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E-lines 


E-lines are formed due to subcutaneous emphysema. Here, 
the air bubbles infiltrate into the subcutaneous tissues 
hence, the tissue air interface moves up from the pleural 
line to the subcutaneous fat and muscle planes. This leads to 
formation of vertical artifacts similar to B-lines, but emerging 
at different levels from the subcutaneous tissues and muscle 
planes (Fig. 7). The clinical significance of the presence of 
E-lines is that it confirms the presence of subcutaneous 
emphysema and since the tissue air interphase has moved 
up the pleural line and underlying lung cannot be visualized 
and commented upon. Subcutaneous emphysema forms 
one of the pitfalls in lung US as one cannot comment on the 
underlying lung in its presence. 


Lung Pulse 


In addition to lung sliding that occurs synchronous with the 
respiratory cycle, the pleural line may move in synchrony 
with cardiac pulsation. This movement, termed lung 
pulse, is caused by the force of the cardiac pulsation being 
transmitted to the lung and hence onto the visceral pleura. 
Like lung sliding, lung pulse indicates that the visceral and 
parietal pleural surfaces are opposed to each other at the site 
of transducer application. 

The lung pulse is an initial sign of atelectasis, because when 
there is no appreciable sliding synchronous with breathing and 
instead the pleural line just pulsates with the heartbeat, this 
suggests that the underlying lung is static, not collapsed away 
from the chest wall, but also not involved in gas exchange. 

Presence of lung pulse also rules out a PTX in that field 
because it is produced when the two layer of pleura are 
opposed to each other allowing the transmitted cardiac 
pulsations to be visualized.'° 


FIG. 7: E-lines—subcutaneous emphysema 


Consolidation 


Seven items are required to define alveolar consolidation: 

1. Location: Above the diaphragm, in the thorax 

2. Pattern: Arising from the pleural line 

3. Real image, i.e., not artifactual, as an aerated lung would 
give 

4. Tissue-like pattern resembling liver (hence the term 
“hepatization”)® 

5. Anatomic boundaries with superficial boundary at the 
level of the pleural line or the deep boundary ofa pleural 
effusion if present, and a deep boundary usually irregular 
with the aerated lung (called the shred sign)! as seen in 
nontranslobar consolidation (Fig. 8) or regular in case of 
whole-lobe involvement (translobar consolidation) 

6. Absence of the “sinusoidal sign” for distinguishing 
alveolar consolidation from potentially associated pleural 
effusion (see section on pleural effusion) 

7. Internal hyperechoic punctiform or linear elements, 
known as air bronchograms, and intrinsic dynamics 
of these bronchograms, a pattern called “dynamic air 
bronchogram’.!* 

Consolidation index may be used to calculate its size. This 
is done by calculating the distance between surface and core 
(from the bottom to the top of the screen) and the longitudinal 
diameter (from the left to the right of the screen). ^'^ 
The other way is to measure the maximal thickness of the 


consolidation area, which can vary from <20 mm (small) to 


>50 mm (large).!:!48 


Air Bronchogram 


Air bronchogram can be seen inside the consolidation as 
hyperéchoic areas and are divided into static and dynamic 
air bronchogram. 
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FIG. 8: Shred sign—translobar consolidation 
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Hepatization 


FIG. 9: Hepatization with dynamic air bronchograms 


Atelectatic areas have static bronchogram, which is 
identified by absence of any dynamic movement during 
respiration. The reason being air is entrapped inside the lung 
which is not aerated thus creating static artifacts. 

Dynamic air bronchogram on the other hand shows 
hyperechoic areas inside a consolidation, which moves 
with respiration which signifies patent communication with 
airways. It is not seen in atelectasis, but it can be seen in 60% 
of cases of infectious alveolar consolidation!9" (Fig. 9). 
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Atelectasis 


Atelectasis is characterized by the following features:} 116 

e Change in the imaging location of the heart 

* Abolition of the dynamic movement of the diaphragm 

e Diaphragm raised by the least 2 cm (in the supine 
position) 

e Presence of a lung pulse 

e Absence of dynamic air bronchograms. 
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Two types of atelectasis are seen: (i) obstructive and 
(ii) compressive atelectasis. '® 

Obstructive atelectasis occurs due to blockade of bronchi 
by mucus plugs or opposite side endobronchial intubation. 


They may have: (i) various form and shapes depending 


on the deaerated area, (ii) no dynamic air bronchogram, 
(iii) presence of lung pulse, and (iv) small pleural effusion 
(in comparison to compressive atelectasis). 

Compressive atelectasis occurs secondary to large- 
pleural effusion. It has a typical free floating “waving hand” 
appearance of lung in a large effusion. There is rapid return 
to reaeration pattern after re-expansion of lung-following 
removal of effusion and this can be visualized in real time 
by US. 


BASIS FOR ULTRASOUND SUITABILITY FOR 
MONITORING LUNG AERATION CHANGES 


Ease of use, bedside availability, and repeatability make 
lung US particularly suited to detect spatial and temporal 
heterogeneity of lung aeration in patients with respiratory 
failure and provide key information for their clinical 
management. 

Change in aeration, especially increase in deaeration is 
readily visualized by lung US. A spectrum of US findings from 
normally aerated tissue to complete loss of aeration exists, 
and each different lung US pattern corresponds to a given 
degree of aeration." 

Progressive loss of air lung US is sonologically seen 
as transition from normal A-lines plus lung sliding to the 
appearance of B-lines, followed by an increase in B-line 
number and density. This was in turn followed by the 
appearance of. subpleural consolidations, which finally 
enlarge and deepen, eventually encompassing the entire 
lung? (Fig. 10). 

The accuracy of lung US in assessing aeration of the lung 
has been further demonstrated in critically ill patients. A lung 


Deaeration 


FIG. 10: Ultrasound detection of changes in aeration pattern 
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US score-quantified aeration changes observed in ventilator- 
associated pneumonia (VAP) patients upon initiation of 
antimicrobial therapy show a tight correlation with CT- 
measurements of lung aeration (day 0 vs day 7).”° 

The scoring was based on progression or regression of 
patterns of normality, space B-lines, and/or small subpleural 
consolidation, coalescent B-lines, and consolidation. 

When compared with the pressure-volume curve method 
for assessing positive end-expiratory pressure (PEEP)- 
induced lung recruitment in acute lung injury (ALI)/ARDS, 
the same score was accurate in detecting significant increases 
in lung aeration (>600 mL, detected by a score 218). Accuracy 
diminishes for milder degrees of reaeration (a 75-450 mL 
increase is associated to a score 214).? 


PATHOLOGICAL CONDITIONS 
DETECTED BY LUNG ULTRASOUND 


Pneumothorax 


Diagnosis of PTX requires four steps: 

1. Abolished lung sliding: Predominantly found anteriorly 
in all significant cases in supine patients. It has a 
95% sensitivity and 100% negative-predictive value.’ 
Pneumothorax, therefore, is confidently ruled out 
wherever lung sliding is present”! 

2. Pneumothorax generates a completely motionless 
air-tissue interface using real-time. M-mode shows a 
standardized stratified pattern—the stratosphere sign 
(Fig. 11) 

3. Absence of B-lines in the affected area: Since B-lines 
emerge from the pleural line, the presence of even a 
single B-line in the imaged area rules out presence of PTX 
in that area. The only artifacts that are seen are A-lines 


4. Detection of the “lung point":? The lung point is found at 


the site where partially collapsed lung is still opposed to 
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FIG. 11: Pneumothorax: static air-tissue interface with A artifacts 


the inside of the chest wall and a part pushed away from 
the chest wall due to PTX. This appears on US as a zone 
of transition where there is lung sliding and an abrupt 
transition to a nonsliding, nonpulsating static A pattern 
(Fig. 12). The finding of lung point is diagnostic for the 
presence of PTX. Unfortunately, while 100% specific for 
PTX, it is relatively insensitive and related to operator 
experience. The localization of the "lung points" shows 
good correlation to the extension of PTX on CT?! The 
more lateral the "lung points" on the chest in supine 
patients, the larger the air collection. Lung point is absent 
in case of complete PTX, there may be multiple lung 
points in traumatic PTX. 

Based on the diagnostic accuracy, the amount of time 
required, the availability, and the costs, US is the diagnostic 
modality of choice, in particular, if a tension PTX is 
suspected. The sonographic diagnosis of PTX relies mainly 
on the loss of respiratory motion of the pleura and B-lines as 
well as evidence of horizontal artifacts (A-lines). However, 
because these criteria are nonspecific, a comparison with 
the contralateral lung is strongly recommended. Ultrasound 
is also useful in confirming lung re-expansion following 
drainage. 


Alveolar-interstitial Syndrome 


itis characterized by presence ofa B-profile consisting of more 
than three B-lines on a longitudinal-scanning plane. B-lines 


“became closer and confluent as the degree of lung wetness 


and deaeration increases. Alveolar-interstitial syndrome 
includes pulmonary edema, interstitial lung disorders and 
ARDS. Lung US can distinguish anterior interstitial (spread 
apart B-lines 7 mm apart) from posterior alveolar patterns 
(confluent B lines), which is a challenge for anteroposterior 
radiography. 


Pulmonary Edema, Acute Lung Injury, and 
Acute Respiratory Distress Syndrome 


Pulmonary edema typically manifests with B-lines that 
initially prefer the lung bases but with increasing capillary 
venous pressure that extend to the medium and superior 
fields. These findings are usually bilaterally and symmetrical. 
Furthermore, pleural line abnormalities are rarely observed 
in cardiogenic pulmonary edema. 

In contrast, patients with ALI/ARDS, B-lines have a 
nonhomogeneous distribution with evidence of spared 
areas and are constantly associated with important pleural 
line abnormalities: irregular-fragmented pleural line and 
presence of subpleural consolidations.9'? Thus, considering 
the high sensitivity and specificity of US, this can be the first 
modality for distinguishing pulmonary edema from ALI/ 
ARDS (Fig. 13). 
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Lung Contusion 


Approximately one-fifth of the patients with blunt chest 

trauma suffer from lung contusion, localized within the 

traumatic thoracic region. Whereas radiograph of the lung 

may be inconclusive, sonographic detection of these signs 

strongly indicates lung contusion. Lung contusion may be 

suspected on finding one of the following features: 

* Localized alveolat-interstitial syndrome 

e Lacking of a large-focal effusion 

e Subpleural, hypoechoic and irregular-bordered lesions 
without air-inlets 

e Margins of constant dimension even during breathing.” 
A lung contusion indicated by means of US must be 

strictly monitored as the condition is known to worsen in the 

days following the diagnosis often leading to the development 

of ALI/ARDS.*4 


Pulmonary Embolism?> 


In patients with acute respiratory failure, the combination of 
predominant anterior bilateral A-lines (hyperechoic, roughly 
horizontal lines and arising at regular intervals from the 
pleural line reflecting a regular lung surface) plus evidence of 
venous thrombosis showed a sensitivity of 81%, a specificity 
of 99% and a positive/negative predictive value of 94%/98%, 
respectively, for diagnosing pulmonary embolism (PE).? 


Pleural Effusion 


Pleural effusion is a common problem in critically ill patients. 
Ultrasound is more sensitive than clinical examination 
and chest X-rays for the diagnosis of pleural effusion. The 
sensitivity and specificity of lung US for identifying pleural 
effusion were 90% and 73%, respectively. It is especially 
effective in the differential diagnosis between effusions and 
pulmonary atelectasis.92627 


FIG. 15: Quad sign: anechoic pleural effusion bordered by four imaginary lines—two along both rib shadows, one beneath chest wall and ene 


on surface of lung pushed away by effusion 


Effusion 


- Free floating lung 


z Diaphragm 


FIG. 14: Pleural effusion seen as anechoic collection with relevant 
landmarks including chest wall, diaphragm, liver, floating lung 


Pleural effusion appears as dark (hypoechoic) and 
homogeneous image in the dependent regions of the lung. 

For an adequate evaluation of pleural effusion, it is 
necessary to identify three findings: . 

1. Anatomical boundaries chest wall, lung, diaphragm, 
and adjacent solid organs (liver/ spleen) confirming the 
intrathoracic location of the collection, especially if a 
thoracentesis has been planned (Fig. 14) 

2. Anechoic space—the pleural effusion itself 

3. Dynamic changes: Intermittent lung aeration, “ċom- 
pressed lung or both (atelectasis); diaphragmatic 
movement; and sinusoidal inspiratory movement. 

Two sonographic signs are associated with pleural 
effusions: (i) the quad sign and (ii) the sinusoid sign.?? 

The quad sign is a static-sonographic sign observed in 
pleural effusion. It consists of four lines representing the 
pleural, rib, fluid and lung. The anechoic space enclosed by 
these four lines represents the pleural effusion (Fig. 15). 
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FIG. 16: Sinusoid sign: movement seen on M-mode as the lung floats 
toward and away from probe with inhalation and exhalation 


Sinusoid sign is a dynamic sonographic sign in M-mode 
describing the movement of the lung floating toward 
and away from the chest wall with every inhalation and 
exhalation, which is displayed as sinusoidal pattern. Similar 
to the quad sign, this sign has a high sensitivity and specificity 
for pleural effusion. It helps to differentiate effusion from a 


solid hepatized lung and also indicates possibility of using 
small needle for withdrawing fluid (Fig. 16). 


. DIFFERENTIAL DIAGNOSIS OF 
.. RESPIRATORY FAILURE 


Lung US allows a standardized evaluation of patients with 
dyspnea based on the profile of lungUS findings, together with 
screening for leg-vein thrombosis. This approach, designated 
the bedside lung ultrasound in emergency (BLUE) protocol, 
can provide immediate answers to situations in emergency 
situations. The BLUE protocol divides lung US findings into 
distinct profiles (Flowchart 1). 

Presence of lung sliding with A-lines signifies a normal 
lung pattern, which in acute respiratory failure could be due 
to severe bronchospasm or pulmonary emboli. A screening 
US of leg to exclude venous thrombosis is helpful to identify 
patients with PE. The absence of lung sliding, along with the 
presence of A-lines, is highly predictive of PTX, which can 
be further confirmed by identifying the lung point. If there 
are areas with no lung sliding and predominant B-lines, 
this will point toward presence of anterior consolidation in 
which case there may be asymmetric findings between the 
hemithoraces. A normal pattern associated with the presence 


of pleural effusion and posterior consolidation may also be 
noted. 


[ 


| Presence of lung sliding in e and lower blue points 


Wess n e e ts agtgeonir iR 


a 


[ Absent | 


B. Profile A.Profile [ CProfile | B. Profile | Profile 
E E cu | 
EM DVT | Pneumonia | | Pneumonia | Lung point 
“Present Absent | E Lee | EM 
m 
Present 


Asthma/COPD 


Asthma/COPD | 


Note: Note: This decision tree does not aim at providing the diagnosis. It indicates a way for reaching a 90.5% accuracy when using lung ultrasound. 
PLAPS (posterior/lateral alveolar and/or pleural syndrome): Presence of consolidation and/or effusion in the lateral and posterior parts of the lung. 


FLOWCHART 1: Bedside lung ultrasound in emergency protocol; COPPD, chronic obstructive pulmonary disease 


Source: Lichtenstein DA, Meziére GA. Relevance of lung ultrasound in the diagnosis of acute respiratory failure: the BLUE protocol. Chest. 2008;134:117-25. . 
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$ FLUID ADMINISTRATION LIMITED 
4 BY LUNG SONOGRAPHY”? 


Overt accumulation of interalveolar fluid manifested 


clinically by pulmonary edema is usually preceded by 


accumulation of fluid in the pulmonary interstitium and 
subpleural interlobular septa, which may be clinically silent 


-but accessible to US. When the amount of this fluid overtakes 
-the reabsorption capacity of lymphatics overt alveolar edema 


ensues. 

A-predominance profile in lung US is a criterion for 
lung tolerance to fluid therapy. If a B-predominance 
replaces an A-predominance-following fluid therapy, this 
indicates recent interstitial syndrome (i.e., the likelihood of 
acute pulmonary edema) suggesting thereby limit of fluid 
therapy. 

During fluid resuscitation in hypovolemic or distributive 
shock one should aim to correct clinical features of shock 
while maintaining A-profile signifying dry lung. Incardiogenic 
shock, on the other hand B-profile characteristic of wet lung 
is usually presents on admission (Flowchart 2). 


* 


Thé falls-protoco! (schematic decision tree) 


Acute circulatory failure 


Simple emergency 
cardiac sonography 


Lung ultrasound 
(BLUE-protocole) 


Tamponade, 
pulmonary embolism 


Usually | Obstructive shock 


Usually | Cardiogenic shock 


Use SVC or IVC analysis 
ect.if noncardiogenic pulmonary 
edema Is suspected 


1 


w 
3 
— o 
zh 
D 


Ci 


FALLS-protocol 
(fluid therapy) 


Clinical improvement 


Usually | Hypovolemic shock 


No clinical improvement 
B-profile is generated . 


Usually 


Septic shock | 


BLUE, bedside lung ultrasound in emergency; FALLS, fluid administration 
limited by lung sonography; SVC, superior vena cava; IVC, inferior vena cava. 


FLOWCHART 2: Fluid administration limited by lung sonography 
protocol (schematic decision tree) 


= DIAPHRAGMATIC FUNCTION 


Lung US can be useful in the evaluation of diaphragmatic 


"function, through the evaluation of diaphragmatic movement 


on M-mode during a deep inhalation, as well as through tidal 
volume and the sniff test. The curvilinear probe is selected 
for visualizing the diaphragm on both sides (between the 
midclavicular and anterior axillary line) using the liver and 
spleen as windows. Diaphragmatic palsy is detected by 
paradoxical movement on M-mode trace. 


E LUNG-RELATED PROCEDURES 
BANDTHERMONTORIG — ——- 
A wide range of bedside procedures performed on critical 


respiratory disease patients benefit from information 
provided by lung imaging. 


Monitoring the Response to Interventions 


The response to clinical interventions can be monitored by 
lung US. A study evaluating patients with renal failure and 
pulmonary congestion demonstrated that the reduction in 
the number of B-lines was proportional to the reduction in 
the volume of EVLW, which was accompanied by clinical 
improvement ofthe patients. 


To Predict and View 
Real-time Lung Recruitment 


Lung US has the potential to predict lung recruitability based 
on observations of lung morphology, which is a key predictor 
of the response to recruitment manoeuvers.? Diffuse 
deaeration is associated with a more homogeneous interstitial 
pattern characterized by coalescent B-lines more present in 
dependent areas is more amenable to recruitment. On the 
other hand, early stage-focused distribution of aeration loss 
(a state associated with poor recruitability and major risks of 
overdistention of aerated regions) is represented by a nearly 
normal lung US pattern or a paucity of B-lines in anterolateral 
areas and consolidation or crowding of B-lines in dorsal ones. 
However, hyperinflation cannot be accurately diagnosed 
with lung US, even if one observes markedly reduced sliding 
in the context of a normal lung US pattern. Lung US findings 
cannot be used in isolation to determine appropriate PEEP. 


To Decide on Ventilator Strategy 


Along with the overall clinical picture, lung US can support 
the choice of pronation (if dorsal consolidations prevail) 
and monitor its effects in real time?! Very empirically, but 
effectively, detection of derecruited areas even in less severe 
contexts than ARDS allows optimization of ventilatory 
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strategy, for example, by means of postural therapy, or in 
the choice of using noninvasive ventilation rather than 
continuous positive airway pressure in spontaneously 
breathing patients. 


Aid in Bronchoscopy 


By helping the intensivist recognize the atelectatic nature of a 
consolidated area (absence of a "dynamic air bronchogram" 
or presence of "fluid bronchogram; positive-predictive value 
94%),! lung US can suggest the need to restore bronchus 
patency by means of fiberoptic bronchoscopy. When a distal 
airway specimens indicated by the suspicion of pneumonia, 
lung US can identify the best lobe to target, with higher 
accuracy than chest X-ray. 


Management of Pleural Effusions 


The decision to perform pleural drainage is based on 
estimating the potential compressive effect of the effusion, 
which depends on the volume of the effusion. Lung US can 
estimate pleural effusion volume semiquantitatively (an 
expiratory interpleural distance at the thoracic base >45- 
50 mm or >50 mm accurately predicts >500 mL” or 800 mL? 
effusions, respectively) or quantitatively (multiplane 
approach, based on the effusion length times midheight 
area formula).** These estimates tightly correlate with CT- 
scan estimates and collected fluid volumes. The procedure 
itself is optimized by identifying the most dependent and 
safest site of puncture” and by monitoring the results of the 
thoracentesis in real-time. 

Furthermore, lung US has shown superiority to standard 
chest X-ray and CT-scan in characterizing the internal 
complexity of an effusion—detection of complex septated or 
complex nonseptated effusions (internal echoes and mobile 
particles), as in hemothorax/empyema, can suggest the 
use of chest tube drainage. Ultrasound-aided management 
of pleural effusions in febrile ICU patients also hastens 
diagnosis and aggressive treatment of empyema.* 


Assessment of Weaning from 


Mechanical Ventilation 


Lung US has been shown to be useful in monitoring and 

managing the weaning process from mechanical ventilation. 

* It allows for detection and treatment of obstructive 
atelectasis, derecruited areas and relevant effusions so 
as to optimize the starting conditions for extubation and 
spontaneous breathing trials (SBTs) 

* Lung US provides information that can be used to 
potentially predict the success or failure of a SBT. By 
multisite quantification with a lung US four-tiered 
score (0 = normal pattern; 1 = multiple spaced B-lines; 
2 - multiple coalescent B-lines; 3 - consolidation), the 


state of lung aeration before the SBT and the amount of 
derecruitment after the trial can be described. Higher 
scores are detected in patients more likely to subsequently 
develop postextubation respiratory distress. The lung US 
score at the end of an SBT predicts postextubation distress 
with an area under the receiver-operating characteristic 
(ROC) curve of 0.86, 95% confidence interval (CI) (0.79- 
0.93), with 0.82 sensitivity and 0.79 specificity for a lung 
US score more than 14, a better performance than plasma 
B-type natriuretic peptide values and echocardiographic- 
derived parameters. A lung US score at end SBT of <12 or 
more than 17 accurately identifies patients with a low or 
high likelihood of postextubation distress, respectively 

e As an accurate tool for the differential diagnosis of 
cardiogenic and obstructive causes of respiratory 
failure, lung US may also allow prompt recognition 
of a cardiogenic component of acute postextubation 
respiratory distress 

e Finally, diaphragm ultrasonography, easily obtained 
during lung US scanning of lower quadrants, provides 
additional insights on tolerance to weaning. One could 
identify patients at high risk of difficulty weaning during 
an SBT (M-mode measure diaphragmatic descent 
«10 mm correlates with higher rates of primary, 8396 vs. 
5996 p = 0.01, and secondary weaning failure, 50% vs. 
22% p = 0.01). Furthermore, a cutoff value for spleen 
and liver downward displacement of >11 mm can predict 
successful extübaátion (84.4% and 82.6% sensitivity and 
specificity respectively, better than traditional weaning 
parameters).?? 


BLIMITATIONS OF ULTRASOUND 


In general, pulmonary lesions can only be detected by US 

under the following conditions: 

e The location of pulmonary lesion is peripheral and 
extends up to the pleura: Precise quantification of the 
extension of lung lesions and deeper lesions without 
consolidation/effusion is not possible 

e Absence of air in the pleural space (no PTX) 

e Absence of subcutaneous accumulation of air (no 


e The lesion is not hidden behind a bony structure: Ribs or 
scapula 

Other limitations include: 

* Inability to visualize lung when there are hindrances to 
probe placement like wound/dressings, defibrillator 
pads, extensive tissue edema or very obese patients 

e Appropriate standardized training is crucial, at this time, 
the systematic use of lung US in ICUs is still scarce 

e It cannot evaluate hyperinflation, a relevant issue in ALI/ 
ARDS patient’s management 

* Infection transmission via the US probe also deserves 
attention and further investigation. 
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ài CONCLUSION 


Lung US has the potential to become a reference tool for 
bedside dynamic respiratory monitoring in the ICU and can 
fill the image-resolution gap between chest radiographs and 
CT scans. It is noninvasive, easily repeatable, and provides 
rapid and accurate evaluation of the respiratory status. 
It minimizes radiation exposure to medical personnel 
continued research is needed to place lung US in evidenced- 
based diagnostic imaging strategies and implement it into 
goal-directed diagnosis and monitoring. Standardized 
training and a systematic use should be advocated to fully 
utilize its potential. 
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Metrics of Glucose Control in 
the Intensive Care Unit 


Sunil Karanth 


g INTRODUCTION 


Hyperglycemia is a common metabolic abnormality en- 
countered in many animal species during periods of stress. 
This evolutionary highly preserved response concurs with the 
old adage that "hyperglycemia is a compensatory response 
that provides fuel to vital organs” Numerous studies! have 
reported a high incidence of hyperglycemia in critically ill 
patients, with a recent Australian study in a single medical- 
surgical intensive care unit (ICU) revealing at least 80% 
of- patients developed hyperglycemia in the first 48 hours 
after ICU admission (defined as a fasting blood sugar 
2126 mg/dL or random blood sugar >200 mg/dL).? Though 
the epidemiological association between hyperglycemia and 
higher mortality and morbidity in different disease states?” 
is well-documented, discrepancy exists in randomized 
controlled trials (RCTs)*! regarding the intensity of blood 
sugar control and improved clinical outcomes. The metrics 
of glucose control in the ICU is made even more complex by 
factors such as superimposed risk of hypoglycemia, glucose 
variability, appropriate subgroup of patients, method of 
achieving glucose control and the preexisting glycemic 
milieu of each patient.!!"!? Thus, the level at which this stress 
response becomes a maladaptation has been a matter of 
debate for over a decade. 


à BIOLOGY OF HYPERGLYCEMIA 
| DURINGCRITICALILLNESS — — 


Glycemia, in the critically ill, has a complex interaction 
with nutrition, patient factors, and cellular derangements. 
Hyperglycemia is often induced in the critically ill by a state 
of insulin resistance. This insulin resistance is created by 
counterregulatory hormones (catecholamines, glucagon and 
cortisol) and elevated levels of cytokines [interleukin (IL)-1, 
IL-2 and tumor necrosis factor-a (TNF-a)]. This results 
in impaired peripheral uptake of glucose and increased 
endogenous production of glucose (gluconeogenesis and 


glycogenloysis), and associated with depletion of glycogen 
stores in the fasting state.'*!5 Though hyperglycemia can 
promote inflammation, it has several potential deleterious 
effects like increasing production of anti-inflammatory 
cytokines (like IL-10) impaired neutrophilic function, 
decreased intracellular bactericidal activity, decreased 
opsonic activity, and decreased innate immunity.^!6 
Mitochondria function is damaged by various mechanisms 
including oxidative stress. Repair and regeneration of 
mitochondria is hampered by hyperglycemia, which could 
predispose to cellular failure and consequent multisystem 
organ failure." 

Immobilization in ICU is associated with numerous 
problems. One of them is the reduction in exercise- 
stimulated glucose uptake. Some early data confirms this 
finding in clinical care with evidence of increased glucose 
transport? and reduced daily insulin requirements? in 
patients undergoing early mobilization in the ICU. 

There exists a complex relationship between enteral 
feeding and hyperglycemia. In normal physiology, ingestion 
of an enteral meal triggers a complex enterohumoral 
response. This response causes a release of numerous 
hormones needed to regulate intestinal motility, nutrient 
absorption, as well as gall bladder and pancreatic islet 
cell function. After a bolus meal a pulsatile increase in 
the insulin secretion is triggered, which is dampened by 
continuous tube feeding. Furthermore, in animal models 
there is evidence to suggest a greater insulin resistance with 
continuous feeds in comparison to intermittent feeds.?9?! 
Further research is needed to validate this point. Acute 
hyperglycemia itself would be one of the risk factors for 
development of ileus.” 


3! RANDOMIZED STUDIES FOR GLYCEMIC 
f CONTROL IN INTENSIVE CARE UNIT — — 


The era of glycemic control in the ICU started with the first 
RCT in this subject by van den Berghe et al. in 2001.° In a 
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single-center study—postoperative cardiac surgical unit, 
comparison of intensive insulin therapy (RBS 80-110 mg/dL) 
with conventional insulin therapy (RBS 180-200 mg/dL) was 
performed bythe authors. A statistically significant reduction 
in mortality {Fig. 1) was noted in patients on intensive insulin 
therapy (46 vs. 8%) with further amplification in the result 
for patients requiring ICU care for more than 5 days. This 
outcome difference was especially pronounced in patients 
with a septic focus. Significant improvement was also noted 
in secondary outcomes as well. 

Publication of this paper in 2001, created a water-shed 
period in therapeutic management of septic patients. This 
was one ofthe few preventive interventions known to improve 
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mortality in ICU. However, a number of flaws existed with this 
RCT like single center, not blinded, high-glucose challenge in 
the controls, high mortality in the controls, and the presence 
of predominantly postoperative cardiac surgical patients. 
However, subsequent studies including one from the 
same authors on predominantly medical patients, failed 
to show such a large difference in mortality. Van den 
Berghe et al. performed a RCT comparing medical patients 
randomized to intensive and conventional therapy.” They 
found no significant change in inhospital, ICU or 90-day 
mortality. However, a subgroup analysis of all patients in 
the ICU staying for greater than 3 days was noted to have 
a statistically significant difference in mortality (Fig. 2). 
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FIG. 1: Kaplan-Meier curves showing cumulative survival of patients who received intensive insulin treatment or conventional treatment in 
the intensive care unit (ICU). Patients discharged alive from A, the ICU and B, the hospital were considered to have survived. In both cases, the 


differences between the treatment groups were significant 
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However, a statistically significant reduction was noted in 
development of new acute kidney injury and earlier weaning 
from the ventilator. 

A subsequent meta-analyses of the two studies from the 
same authors, revealed a statistically significant reduction in 
mortality without any detectable harm.” The benefit seemed 
to be present mainly in patients staying in ICU more than 
3 days, while for patients admitted for less than 3 days, no 
potential harm was noted? However, this benefit did not 
seem to be present for patients with a past history of diabetes 
mellitus. 

Further multicentric studies were conducted by other 
groups with less pronounced difference in mortality with 
intensive insulin therapy. Even more concerning was the 
increased risk of serious adverse effects like hypoglycemia in 
patients receiving intensive insulin therapy. 

Brunkhorst et al? conducted a multicentric RCT in 18 
German ICUs among critically ill patients with severe sepsis. 
The trial had a 2 x 2 factorial design to compare the effect of 
intensive insulin therapy versus conventional insulin therapy 
and synthetic colloid versus Ringer lactate for resuscitation. 
The study was stopped half way for safety reasons as the 
incidence of severe hypoglycemia was significantly higher in 
the intensive insulin group (17 vs. 4.1%, p «0.001), with no 
change in 28-day mortality (Fig. 3). 

Similar results were obtained from a multicentric 
European trial in a mixed medical-surgical critically ill 
population, with no difference in mortality, but increased 
risk of severe hypoglycemia with intensive insulin therapy 
(8.7 vs. 2.7%). 

The death knell for intensive insulin therapy was finally 
dealt by the Normoglycemia in Intensive Care Evaluation 
and Surviving Using Glucose Algorithm Regulation (NICE- 
SUGAR) trial. This was a multicentric RCT with over 6,000 
critically ill patients conducted across Australia, New Zealand, 
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FIG. 3: Kaplan-Meier curve for overall survival in Volume Substitution 
and Insulin Therapy in Severe Sepsis (VISEP) study® 


and North America. Patients who were expected to stay for 3 
or more days in the ICU were randomized to intensive insulin 
therapy (81-108 mg/dL) as against conventional glucose 
target with a glucose less than 180 mg/dL. This target was 
chosen for the control arm, in view of data suggestive that a 
blood sugar of less than 180 mg/dL was the expected standard 
of practice in Australia, New Zealand and parts of Canada 
during that time. This study revealed that intensive glycemic 
control was associated with a higher mortality in comparison 
to a moderate glycemic control of less than 180 mg/dL.° The 
intensive glycemic control group had a mortality of 27.5% as 
against a mortality of 24.9% in the conventional group with 
an odds ratio of 1.14 for the intensive group (p «0.02). A total 
of patients developed severe hypoglycemia in the intensive 
glycemic control group as against 0.5% in the conventional 
group. 

More recently in a meta-analyses by Griesdale et al., a 
pooled analyses of data? from different studies, including 
the NICE-SUGAR trial, revealed no difference in outcomes 
with the use of intensive glycemic control.”* 

Thus, the pendulum on the metrics ofglycemic control has 
swung from poor glycemic control, to tight glycemic control, 
in the last one decade and now back to a neutral position 
of moderate glycemic control in critically ill. Following 
analyses of all the RCTs and meta-analyses, the present 
recommendation is to maintain the blood sugar in the range 
of 140-180 mg/dL. There is very strong data to suggest that a 
blood sugar of more than 180 mg/dL is associated with worst 
outcomes, while values below 140 mg/dL are associated with 
a higher risk of severe hypoglycemia. 


ll PRACTICAL AND COMPREHENSIVE 
jj MANAGEMENT TO GLYCEMIC CONTROL IN 
MINTENSIVECARE UNIT — 


Target Population 


As deduced by the RCTs and meta-analyses, a moderate 
blood sugar control of 140-180 mg/dL seems optimal. 
However, a policy of “one size fits all” may not be appropriate 
to all critically ill patients. 

Van den Berghe et al.’ in their second RCT involving 
critically ill medical. patients found that presence of pre- 
existing diabetes mellitus had no change in outcome with 
intensive glyCemic control. The reason for the same was 
unclear, but possibility of compensatory mechanisms in 
place to protect against cellular injury from acute hyper- 
glycemia cannot be ruled out. In a large retrospective analysis 
of over 44,000 patients across nine ICUs, Krinsley et al. found 
no change in mortality with increasing blood sugar levels 
in diabetic patients, while nondiabetics showed worse 
outcomes with worsening hyperglycemia” (Fig. 4). 

Multiple observational studies have shown that in 


neurologicallyinjured patients, evenmoderatehyperglycemia 339 
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FIG. 4: Relationship of mean blood sugar levels and mortality in patients without and with pre-existing diabetes mellitus. A, Nondiabetics and 


B, diabetics? 


at admission may be associated with poorer outcome.?90 
Single-center and multicentric RCTs*!*? in various subset of 
neurosurgical patients has shown the reduction of infections . 
and length of stay in patients with intensive glycemic control 
(80-110 mg/dL) as compared to less intense control (180- 
200 mg/dL). However, this was associated with a statistically 
significant increase in the incidence of hypoglycemia. 
However, it is unclear whether intensive glycemic control 
in this subset of patients will improve mortality. Another 
important concern is the level of hypoglycemia tolerated by 
the brain. Studies indicate that the hypoglycemic threshold 
in acute brain insults corresponds to a blood glucose level 
of 80 mg/dL. However, optimal assessment of hypoglycemic 
threshold may vary from patient to patient and would require 
monitoring with a microdialysis catheter.** Limited studies 
exist comparing moderate glycemic control with intensive 
glycemic control in patients with neurological insult. 


lj OTHER PARAMETERS OF GLYCEMIC 
METRICS IN INTENSIVE CARE UNIT _ 


Apart from hyperglycemia, which is perhaps the most widely 
studied, there are other aspects of glycemia which are 
clinically relevant in the ICU. These are hypoglycemia and 
glucose variability. 


Hypoglycemia (Table 1) 


Since the era of tight glycemic control began in the past 
decade, hypoglycemia in the iCU has emerged as animportant 
metabolic complication. Incidence of severe hypoglycemia 
(defined as at least one blood glucose level <40 mg/dL) varies 
largely in published literature. The following table depicts the 
incidence of severe hypoglycemia in different studies. 


TABLE 1 


Hypoglycemia in insulin trials in intensive care unit 


| Van den Berghe et al. 2001° _ 
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The clinical significance of the iatrogenic episodes of 
hypoglycemia is unclear, especially when these episodes are 
identified and treated early. Some authors believe that even 
the iatrogenic hypoglycemia is a marker of poor outcome 
and directly related to the severity of illness with no direct 
bearing on mortality or morbidity. Kosiborod et al.? in a 
large retrospective analysis of over 17,000 patients with acute 
myocardial infarction found that spontaneous hypoglycemia 
was associated with a higher mortality in comparison 
to patients with no hypoglycemia. In contrast, patients 
developing hypoglycemia secondary to insulin therapy 
showed no change in mortality in comparison to patients 
with no hypoglycemia. This could suggest that spontaneous 
hypoglycemia is more likely a marker of severe illness and 
hence could predict a poor outcome.” 

Similarly, other studies have showed no association 
between hypoglycemia and mortality.*4 

Meanwhile, in a retrospective case-control study of a 
mixed medical-surgical ICU, hypoglycemia was associated 
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with an increased risk of death after multivariate analysis 
(odds ratio: 2.28; confidence interval 1.41-3.7), but on 
balance benefits of glycemic control far outweigh the 
risks.> This study also identified some of the common risk 
factors for hypoglycemia, which included, bicarbonate- 
based fluid during continuous venovenous hemofiltration, 
decreased rate or interruption of nutritional support, need 
for inotropic support, sepsis, female sex, prior diabetes, and 
octreotide use. Despite the lack of clear data regarding the 
dangers of hypoglycemia in the ICU, it makes physiological 
rationale to believe that prolonged hypoglycemia and 
recurrent hypoglycemia are associated with increased risk 
of neuronal injury. Identifying the clinical symptoms and 
signs of hypoglycemia in a critically ill patient is extremely 
difficult in view of the use of sedation, inability to mount the 
characteristic sympathetic response and debilitated state. 
Furthermore, the long-term neurocognitive consequences of 
prolonged hypoglycemia are poorly understood. 


Role of Glucose Variability 


Egi et al? demonstrated that in a heterogeneous group 
of critically ill patients, glucose variability (defined as the 
standard deviation of glucose) was an independent predictor 
of mortality and more powerful than the mean glucose 
concentration achieved. In another study, observation 
of 46,474 blood glucose and insulin data in a surgical ICU 


: showed a statistically significant change between two blood 


glucose values among nonsurvivors compared to survivors. 
This is despite the mean glucose between the two groups 
being nearly equal, thus indicating that glucose variability in 
the critically ill surgical patients seems to be an independent 
predictor of outcome. Krinsley's?? retrospective analysis of 
critically ill patients in a single ICU revealed that for a given 
blood sugar range increased variability increased the risk of 
mortality.?? 

There was almost a threefold increase in mortality in 
the same mean glucose range when the glycemic variability 
increased from lowest quartile to the highest quartile. In a 
large retrospective analysis of prospectively collected date 
from the Australian and New Zealand Intensive Care Society 
data base over 66,000 patients early (within 24 hours of ICU 
admission) hypoglycemia and early (within 24 hours of ICU 
admission) glucose variability independently increased the 
risk of mortality with the latter having a larger effect than 
hypoglycemia on mortality? Hypoglycemia increases the 
tendency for glycemic variability. Clinically, it is a normal 
tendency to treat glycemia with a glucose bolus, which 
increases the risk of glycemic variability. It thus seems that 
in the tight glycemic control patients, this increased glycemic 
variability negates the effect of tight glycemic control. In 
vitro studies show that fluctuating glucose levels induce 
apoptosis more robustly than sustained hyperglycemia, 
causing endothelial activation and increased oxidative 
stress. Similarly, in vivo rapid fluctuations in glycemic 
control are associated with increased oxidative stress and 


thisrelationship seems to be more important than the level of 
chronic sustained hyperglycemia among type II diabetics.*! 
Future studies are needed to examine and report the effect 
of glucose variability. This may be an important metric to 
follow. Investigators have used many such measures in 
literature, but a standardized "language" and metric to 
describe "variability" has to be established. Additionally, 
prospective evaluation regarding glycemic variability is 
needed to determine whether this is an epiphenomena 
associated with severity of illness or in itself a physiological 
abnormality requiring a targeted intervention. 


Glucose Monitoring 


The goid standard for glucose monitoring in the inpatient 
setting is the central laboratory measurement of plasma 
glucose. Plasma blood glucose is preferred over whole blood 
glucose to eliminate the influence of factors like hematocrit 
on the measurement. The values of measurement will also 
depend on the sample source with arterial sample typically 
having a value 10 mg/dL higher than venous blood, which 
in turn is 5 mg/dL higher than the capillary blood. These 
differences may be further accentuated in the presence of 
hyperglycemia. 

Due to the practical convenience and ease of 
measurement, capillary point-of-care finger-prick meters 
have become a routine method of glucose monitoring at 
home, inthe hdspital wards, as well asin the ICU. These meters 
are based on glucose oxidase or glucose dehydrogenase 
methods. This measurement using glucose oxidase method 
is likely to be influenced by catecholamines, bilirubin, uric 
acid and the presence of certain drugs like paracetamol. 
Glucose meters using the glucose dehydrogenase reaction 
are less likely to be influenced by the above factors, but may 
detect sugars other than glucose (such as mannose, xylose 
and icodextrin), thus causing possible overestimation of the 
blood glucose concentration. ^ 

Measuring.capillary blood glucose in the critically ill 
patients is fraught with numerous practical problems, which 
could distort the results. These factors include hypotension, 
hypoperfusion, acidosis, anemia, and hypothermia. Further, 
it tends to be labor intensive for the nursing, especially when 
frequent measurements are needed. Accordingly, multiple 
continuous glucose monitoring systems are being evaluated 
for inpatient use. This method has been used successfully in 
outpatient management of diabetes, wherein subcutaneous 
sensors are placed and interstitial glucose measured using 
the same principle as in point-of-care method. In view of the 
similarity in the method, the same practical problems seen 
in the point-of-care method are found in these devices. *^*" 


Glycemic Control and Nutrition 


Nutrition is an important aspect of glycemic control in the 
ICU. It is well-known that inadequate nutrition is associated 
with poor outcomes. However on the contrary, overfeeding 
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is harmful as well and associated with increased risk of 
infections, hyperglycemia, etc. It is now proposed that if 
about 60% of caloric needs are met, this suffices to achieve 
a nitrogen balance equal to "full' dose of feeds. Thus 
appropriate dosing and timing of administration of feeds is 
important part of glycemic control in the ICU.*949 


i CONCLUSION 


Hyperglycemia is common metabolic problem encountered 
in the ICU. Today, we have a better understanding about 


critical cellular pathways that can ‘become deranged with 


prolonged and uncontrolled hyperglycemia. Recent research 
has also paved the way for better understanding ofthe complex 
relationship between nutritional status, protein catabolism 
and insulin-resistant states. For most patients, moderate 
glycemic control is appropriate and new technologies such 
as continuous glucose sensors may help alleviate the risks 
associated with excessive glucose variability as well as severe 


‘hypoglycemia. 
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Reversal of Bleeding on Anticoagulants: 
New Options 


Supradip Ghosh 


£ INTRODUCTION 


Anticoagulants are increasingly being prescribed in 
today's clinical practice either to prevent or to treat a 
variety of thrombotic complications. Major indications for 


. anticoagulation are treatment of acute coronary syndrome, 


prevention and.treatment of deep vein thrombosis and. 
pulmonary embolism, and prevention of thromboembolic 
complications in atrial fibrillation (AF). Bleeding is the 
most serious adverse effect of anticoagulation, which may 
be serious and life-threatening or may cause long-term 
debility. Need for anticoagulant reversal occurs in case of life- 
threatening bleeding where bleeding cannot be controlled 
by simple withdrawal of the agent or local application of 
pressure, or if a patient needs to undergo an urgent invasive 
procedure, such as emergency surgery.! 

Risk of bleeding varies with the choice of agent and 
intensity of anticoagulation. In the Randomized Evaluation 
of Long-term Anticoagulation Therapy (RE-LY) trial, 
comparing two doses of dabigatran against warfarin in 
patients with nonvalvular AF, the risk of major bleeding 
was lower in the group receiving 110 mg of dabigatran 
compared to both 150 mg dabigatran and warfarin group 
(2.71% per year vs. 3.11 and 3.36% per year, respectively). 
Compared to controlled clinical trial, setting risk of bleeding 
is higher in the real life scenario. In controlled clinical trials 
of vitamin K antagonists (VKAs), the incidence of major 
bleeding reported was about 0.596 per year? Whereas in a 
prospective observational study from Italy conducted in 
outpatient setting, overall bleeding complications were 
as high as 7.6% per year and incidence of major bleeding 
was 1.1% per year.’ Bleeding risk also varies with a number 
of host factors like age, body weight, and renal or hepatic 
function. Another important variable determining the risk of 
major bleeding is the indication for anticoagulation. Higher 
bleeding events were noted when VKAs were prescribed for 
peripheral vascular or cerebrovascular disease than for other 
indications. The Randomized, Phase II Study to Evaluate the 


Safety and Pharmacokinetics of Oral Dabigatran Etexilate 
in Patients after Heart Valve Replacement (RE-ALIGN) trial, 
where dabigatran was tested against warfarin in preventing 
thrombotic complications in patients with mechanical heart 
valve, had to be stopped early because of the higher risk of 
both bleeding (4% in dabigatran group vs. 2% in warfarin 
group) and thrombotic complications in dabigatran treated 
patients. This result is in sharp contrast with the results of 
RE-LY trial? 

The indication for anticoagulation in a particular patient 
must be kept in mind before prescribing specific reversal 
agent. For exámiple, reversal of VKAs in a patient with 
prosthetic mitral valve and atrial fibrillation may risk valve 
thrombosis and systemic thromboembolic complications. 
A balanced approach is required to assess the benefits and 
risks associated with reversal of anticoagulation and a clear 
plan to restart the anticoagulation as early as feasible.! In this 
review, different strategies for reversal of individual agents 
are discussed. Specific emphasis is given on the reversal of 
newer anticoagulants. 


ij VITAMIN K ANTAGONISTS 


Vitamin K antagonists include warfarin, acenocoumarol, 
and phenprocoumon with important differences in their 
half-lives (36-42 h for warfarin, 9 h for acenocoumarol, 
and 90 h for phenprocoumon). Use of reversal agent in 
nonbleeding patients on VKAs and prolonged international 
normalized ratio (INR) is controversial. Currently, there is no 
published data supporting the hypothesis that a rapid return 
of prolonged INR to the desired range is associated with 
a reduction in bleeding events.! Some experts suggest the 
routine use ef low dose oral vitamin K in patients presenting 
with warfarin associated coagulopathy, but not in patients 
presenting with acenocoumarol associated coagulopathy.’ 
Prompt reversal of anticoagulation is warranted in cases of 
uncontrolled bleeding or bleeding in a noncompressible 
site. Available options for reversal of anticoagulation in VKA 
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treated patients are vitamin K (oral and intravenous), fresh 
frozen plasma (FFP), prothrombin complex concentrate 
(PCC), and recombinant activated factor VII (rFVIIa) with 
variable efficacy, safety, and time to reversal. 


Vitamin K 


Vitamin K antagonists act by inhibiting vitamin K dependent 
y-carboxylation of coagulation factors II, VII, IX, and X and 
the most appropriate intervention to counteract the effect of 
VKAs is the administration of vitamin K. However, delayed 
onset of action is a major limitation of vitamin K in an 
actively bleeding patient. After intravenous administration 
of vitamin K, INR starts to drop within 2 hours, but it may 
take 12-16 hours for its complete normalization, After oral 
administration of vitamin K, normalization of INR may be 
delayed further (up to 24 h).! There is a concern regarding the 
risk of anaphylactoid reaction following administration of 
parenteral vitamin K; however, the incidence of anaphylactoid 
reaction is reported to be only 3 per 10,000 doses.? A slow 
infusion may reduce the risk of this complication.? 

The advantage of vitamin K is its sustained effect. Single 
slow intravenous dose of 10 mg vitamin K (Kapilin) should be 
given to every VKA treated patient with uncontrolled bleeding, 
either alone or in conjunction with other reversal agents. Oral 
vitamin K may be considered in non-lifethreatening situation, 
where a delayed effect is acceptable." 


Fresh Frozen Plasma 


In principle, FFP can correct VKA associated coagulopathy 
by replacing vitamin K dependent clotting factors. The 
biggest advantage of FFP is its widespread availability. 
However, recent evidence has raised question about its 
efficacy in quick reversal of VKA associated coagulopathy. In 
a retrospective analysis of 405 patients with VKA associated 
major bleeding events, INR remained uncorrected (INR 
>1.3) 1 day after starting FFP administration. In subgroup 
of patients with intracranial hemorrhage, this failure 
to correct INR was significantly associated with 30-day 
mortality Another disadvantage of FFP is unavoidable 
delay in its administration because of the requirement of 
blood grouping, thawing process, and a long duration of 
infusion. In a retrospective analysis of 69 patients, this delay 
in administration was associated with failure of reversal 
of INR at 24 hours. Significant association was observed 
between delay in first dose of FFP and reversal of INR within 
24 hours; every 30 minutes of delay in the first dose of FFP 
was associated with a 20% decreased odds of INR reversal 
within 24 hours.!° In addition, transfusion of FFP is also 
associated with volume overload, transfusion reaction 
including transfusion associated acute lung injury and 
smal] but definite risk of transmission of infection. 

Despite its disadvantages, in situations where PCC is not 
available, FFP is still widely utilized along with vitamin K 


in life-threatening VKA associated bleeding. Fresh frozen 
plasma is also useful when use of PCC is contraindicated. 
Recommended dose for FFP is 20-30 mL per kg body weight. 


Prothrombin Complex Concentrate 


Another way ofreplacing vitamin K dependentclotting factors 
is infusion of PCC. A large number of PCCs are available 
commercially. All of them contain vitamin K dependent 
factors II, IX, and X, and are standardized according to their 
factor IX content. They also contain differing amounts of 
factor VII; products with low or high quantities of factor VII 
are Classified as either 3-factor or 4-factor PCCs, respectively. 
Most of the available PCCs contain variable quantities of 
antithrombotic factors, such as protein C, protein S, protein Z, 
and heparin. Furthermore, activated PCCs (aPCCs) are 
available which contain activated factor VII in addition to 
nonactivated factors II, IX, and X. Advantages of PCCs over 
FFPs are ability-to administer them rapidly, small infusion 
volume, and no need for thawing or blood type matching. 
As PCCs undergo at least one virus inactivation process, they 
are associated with a lower risk of infection transmission 
compared to FFP. 

“In a multicenter, prospective, randomized trial of 216 
patients with VKA associated major bleeding and INR 
above 2, 4-factor PCC was found to be noninferior to 
plasma in achieving hemostasis in 24 hours. However, PCC 


^was-found to be superior to plasma in normalizing INR 


(«1.3) within 30 minutes (62.2 vs. 9.6%). Both treatment 
options were found to have similar safety profile (adverse 
events, serious adverse events, thromboembolic events, 
and deaths).!" In a systematic review of 18 studies and 654 
patients comprising mostly intracerebral hemorrhage, urgent 
surgery or invasive procedure, and gastrointestinal bleeding, 
the ability of 4-factor and 3-factor PCCs in normalization of 
INR was tested. International normalized ratio decreased to 
«1.5 within 1 hour after PCCs administration in 6 of 9 studies 
in the 3-factor group, and 12 of 13 studies in the 4-factor 
group. The authors concluded that more reliable correction 
of INR was seen in 4-factor PCC treated patients. This data 
may have clinical implications. Currently, there is limited 


‘data available for activated form of PCC in treatment of VKA 


associated bleeding. 

Risk of thromboembolic events must be kept in mind 
with PCC administration. In a meta-analysis of 27 studies 
(total 1,032 patients) using 3-factor and 4-factor PCCs for 
reversal of VKA associated coagulopathy, the incidence 
of thromboembolism was found to be 0.7% and 1.8%, 
respectively. Caution must be exercised while prescribing 
PCC in patients with acute arterial thrombosis, disseminated 
intravascular coagulation and other coagulopathic states. 

Prothrombin complexconcentrate ata doseof 25-50IU/kg 
is recommended as the initial choice for rapid reversal of VKA 
associated bleeding. International normalized ratio must 
be checked in 15-60 minutes time and every 6-8 hours 
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thereafter. Fresh frozen plasma may be'considered if INR 
remains elevated above 1.4, after 24-48 hours. 


Recombinant Activated Factor VII 


Recombinant activated factor VII has the ability to reverse 
the INR rapidly, like PCC, but it has been associated with 
a relatively high thrombosis rate (12.8-24%) and is not 
recommended routinely for the management of VKA 
associated bleeding. However, in special circumstances 
where blood products cannot be used (e.g, Jehovah's 
witness), rFVIIa may be considered.® 

In summary, VKAs should be discontinued in case 
of bleeding. If the bleeding cannot be stopped by local 
hemostasis measures or in cases of intracranial hemorrhage, 
urgent reversal must be attempted preferably with either 
4-factor or 3-factor PCC if available or with FFP. Vitamin K 
must be administered intravenously in every bleeding 
patient. Vitamin K antagonists should not be reversed in case 
of intracranial hemorrhage associated with cerebral venous 
sinus thrombosis. 


Bj UNFRACTIONATED HEPARIN - 


Unfractionated heparin (UFH) has a relatively short half- 
life of 60-90 minutes and its anticoagulation effect wanes of 
in 3-4 hours after stopping continuous intravenous infusion.! 
Subcutaneously administered heparin has an unpredictable 
effect as an anticoagulant and frequently do not achieve 
target therapeutic level.!* Therefore, reversal of intermittent 
subcutaneous dose of heparin is recommended only if there 
is a prolongation of activated partial thromboplastin time 
(aPTT). 


Protamine 


Protamine is a basic protein derived from fish sperm that 
binds with heparin and forms a stable complex. About 1 mg 
of protamine can bind 100 units of heparin. It has a short 
half-life of 7 minutes compared to 60-90 minutes half-life of 
UFH. Hence, the dosing of protamine should account for last 
2-3 hours dose of heparin infused. For example, protamine 
dose for a patient on stable therapeutic heparin infusion of 
1,000-1,250 units/h is 25-30 mg.!? Despite its proven efficacy 


.in reversing the anticoagulant effect of heparin, the benefit of 


this reversal effect in real world patients has not been proven 
in clinical trials. In a randomized control trial, 120 patients 
received either protamine or saline to reverse the effect 
of heparin utilized during surgery.” Heparin level, aPTT, 
and activated clotting time were all lower in the protamine 
treated group both at 20 minutes and 1 hour. However, there 
was no difference in blood loss, hematoma formation in the 
surgical site, or requirement of fluids and blood products in 
the two groups. 


Anaphylaxis, hypotension, bradycardia, and broncho- 
constriction are known dose dependent adverse effects of 
protamine. Patients with history of receiving protamine in 
the past or history of fish allergy or vasectomy and patients 
on neutral protamine Hagedorn insulin, are at a higher risk of 
these adverse reactions. Rate of administration of protamine 
should not exceed 20 mg/min and in any 10 minutes 
period, total dose of.protamine should not be more than 50 
mg." Higher dose of protamine can paradoxically increase 
bleeding, as protamine itself is a weak anticoagulant.’ 

In summary, protamine sulfate should be administered 
in patients treated with intravenous heparin infusion and 
having active bleeding not controlled by local hemostasis 
or in cases of intracranial hemorrhage. Dose of protamine is 
determined by the amount of heparin administered in last 
2-3 hours. Protamine administration is indicated following 
subcutaneous heparin administration, only if the patient is 
actively bleeding and having a prolonged aPTT. 


al LOW | MOLECULAR WEIGHT HEPARIN _ 


Low molecular weight heparins (LMWHs) are aiei by 
fractionation of heparin by chemical or enzymatic methods 
to lower molecular weight fraction (4,000-6,000 Da). They 
produce their anticoagulant effect by predominantly 
binding and neutralizing factor Xa with minimal effect on 
thrombin (factor IIa). Bleeding risk with LMWH varies with 
different formulations and dosing. In a Cochrane review of 
19 randomized control trials, comparing LMWH and UFH 
for the treatment of venous thromboembolism, incidence 
of major hemorrhage were lower with LMWH (1.2 vs. 2%) 
overall. However, in a closure analysis, only tinzaparin had 
significantly lower risk of bleeding; whereas the bleeding 
risk was higher with enoxaparin (though statistically 
nonsignificant).!® Currently, there is no specific reversal 
agent for LMWH.? 


Protamine 


Protamine has variable neutralizing effect on different 
LMWH based on the molecular weight and sulfated charge 
density. For example, protamine has better reversal effect 
on highly sulfated tinzaparin compared to enoxaparin. 
Protamine mostly neutralizes the anti-IIa activity with little 
effect on anti-Xa. It can also improve the hemostasis by 
its ability to decrease tissue factor pathway inhibition by 
LMWH. 

Suggested dose for protamine is to give 1 mg per 100 
anti-Xa units of LMWH given in the last 8 hours (where 1 mg 
of enoxaparin equals 100 anti-Xa units). A second dose of 
0.5 mg per 100 anti-factor Xa units can be given if bleeding 
continues. If bleeding continues 8-hour after last dose of 
LMWH, a protamine dose of 0.5 mg per 100 anti-factor Xa 
units may be considered." 
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Other Reversal Agents 


Some in vitro studies, animal studies, and small case series 
have suggested some role of rFVIIa in reversal of LMWH. 
However because of its high thrombogenic potential, 
it should be considered only when protamine is either 
contraindicated or protamine failed to reverse bleeding. 
Activated PCC, PCC, or FFP have no role in reversing the 
bleeding effect of L[MWH.? 

To summarize, LMWH must be discontinued in case of 
active bleeding. Protamine may be considered in case the 
patient is on therapeutic anticoagulation and 3-5 half-lives 
of the particular compound has not elapsed. In patients 
on prophylactic dose of LMWH, reversal with protamine 
is not required. Consider rFVIIa in case protamine is 
contraindicated or bleeding is not controlled with protamine. 


g PENTASACCHARIDES— — 


Pentasaccharides are newly developed class of ahenk 
anticoagulant that binds with antithrombin and pre- 
dominantly inhibit the effects of factor Xa. Due to the lack 
of glycosaminoglycan saccharide residue, they do not bind 
with thrombin. Two commercially available molecules of this 
class, fondaparinux and idraparinux, differ by their half-lives 
with idraparinux having significantly longer half-life of 5.5 
days compared to 15-20 hours for fondaparinux.! Currently, 
there is no reversal agent commercially"available against 
these compounds. However, there is a biological plausibility 
in favor of using PCC, aPCC, and rEVIIa in bleeding patients 
on pentasaccharide anticoagulation. In a recent systematic 
review of 5 studies on PCC, aPCC, and rFVIla for the reversal 
of pentasaccharide anticoagulation, authors concluded that 
the best available-data support the use of rFVIIa for reversal 
of bleeding in pentasaccharide treated patients." However, 
individual studies included in the review were of poor quality. 
Potential risk of thrombogenicity is also high with rFVIIa. 

More recently, a recombinant variant of antithrombin 
(AT-N135Q-Pro394) has been developed and preclinical 
studies has shown its efficacy to bind and neutralize 
fondaparinux.!® 


# DIRECT ORAL FACTOR XA INHIBITORS _ 


Three oral factor Xa inhibitors are currently approved for 
clinical use—rivaroxaban, apixaban, and edoxaban. The 
half-lives for these three agents are 5, 12, and 10-14 hours, 
respectively. For rivaroxaban and edoxaban, the major 
route of excretion is renal (66% and 50%, respectively); 
whereas apixaban is excreted mostly fecally (only 27% renal 
excretion). In the major clinical trials, the incidence of 
intracranial hemorrhage was significantly lower in patients 
treated with oral factor Xa inhibitors compared to warfarin, 
but the incidence of extracranial bleeding, particularly 
gastrointestinal bleeding, was higher with rivaroxaban and 


edoxaban treated patients? Reversal agent for factor Xa 
inhibitors are still under investigation and currently, there 
is limited data available for the efficacy of conventional 
clotting factor concentrates in bleeding associated with 
these agents. 


Activated Charcoal 


Administration of activated charcoal, very early after 
ingestion of oral factor Xa inhibitors may be useful in reducing 
absorption of the drug. Effect of activated charcoal (50 g) 
on apixaban single dose (20 mg) was studied on 18 healthy 
human subjects.? When charcoal was administered at 2 and 
6 hours postingestion, the area under concentration curve for 
apixaban, reduced to 50% and 28%, respectively, compared 
to same concentration curve without the administration 
of charcoal. Furthermore, the mean half-life of apixaban 
was reduced by approximately 5 hours (compared to 13.5 h 
without charcoal administration). Authors concluded that 
activated charcoal administration is useful in accidental 
overdose of apixaban up to 6 hours after exposure. However, 
because ofthe rapid absorption of rivaroxaban from stomach, 
activated charcoal may not be very useful in the elimination 
of rivaroxaban.? Main drawback of charcoal administration 
is the requirement for a secured airway in an unconscious 
patient. 


Hemodialysis 


Hemodialysis is not expected to increase the elimination of 
oral factor Xa inhibitors and is not recommended for reversal 
of bleeding due to these compounds.® 


Prothrombin Complex Concentrates 


In the absence of clinically available reversal agent, PCC 
is recommended for controlling life-threatening bleeding 
in patients on oral factor Xa inhibitor" However, this 
recommendation is based on mostly laboratory or animal 
studies, few case reports or case series and onephase 1 trialon 
healthy volunteer.? In a double blind, randomized, placebo 
controlled dose-ranging study, different doses of 4-factor PCC 
were tested in healthy volunteers following punch biopsy, 
for bleeding time and bleeding volume.”! All subjects were 
pretreated with single 60 mg dose of edoxaban. Intravenous 
administration of 4-factor PCC, dose-dependently reversed 
edoxaban's effects on bleeding duration and volume, with a 
complete reversal at 50 IU/kg. 


Recombinant Activated Factor VII 


Despite being a potent hemostatic agent, rFVIIa is not 
recommended, for reversal of bleeding in oral factor Xa 
inhibitor treated patients, because of its high prothrombotic 
potentia],!? 
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Fresh Frozen Plasma 


There is scant information about the effect of FFP in reversal 
of oral factor Xa inhibitor and current guidelines are silent 
about its potential use in this scenario.9'? 

In summary, direct oral factor Xa inhibitors must be 
discontinued in a ‘bleeding patient and local hemostatic 
measures must be applied. Consider administration of 
activated charcoal within 2 hours of their administration 
(except probably in rivaroxaban), provided the patients’ 
airway is secured. In case the bleeding continues or in 
patients with intracranial hemorrhage, consider PCCs for 
teversing the effects of these drugs if the bleeding occurs 
within 3-5 half-lives of the last dose. 


B DIRECT THROMBIN INHIBITORS 


Available direct thrombin inhibitors include parenteral 
compounds (indicated mostly in the setting of heparin 
induced thrombocytopenia) like bivalirudin, desirudin, 
argatroban, lepirudin, and oral agent dabigatran. Parenteral 
agents have very short half-life (25 min for bivalirudin to 
maximum up to 2 h for desirudin). A simple discontinuation 
of medication is sufficient to produce reversal of effect in 
cases any bleeding on these agents? In contrast, dabigatran 
has a prolonged half-life of 12-17 hours that may increase 
further in the presence of renal failure. Dabigatran etexilate, 
the prodrug (but not dabigatran itself), is a substrate for 
the multidrug efflux transporter P-glycoprotein and its 
absorption may be further enhanced when P-glycoprotein 
inhibitors (e.g, ketoconazole, verapamil, amiodarone, 
quinidine) are concomitantly administered, potentially 
enhancing the risk of toxicity. Idarucizumab, a specific 
reversal agent for dabigatran, has been approved recently 
by the United States Food and Drug Administration and 
European Medicine Agency. 


Activated Charcoal 


Activated charcoal can be administered orally to reduce 
the absorption of dabigatran within 2 hours of its ingestion. 
However, there is limited human data available to support 
its efficacy in a bleeding patient. Furthermore, caution must 
beexercised while prescribing activated charcoal to a patient 
with compromised airway. 


Extracorporeal Removal 


Certain pharmacological properties of dabigatran like 
its low protein binding (35%), a low-to-moderate steady 
state volume of distribution (Vd = 0.7-1.0 L/kg; based on a 
70 kg patient), a low molecular weight (471.5 Da) makes 
extracorporeal therapy, a potentially attractive modality to 
enhance the elimination of dabigatran.” This is especially 
true in the setting of renal failure as dabigatran is mostly 


excreted unchanged through kidneys (>80%). At present, 
data supporting the usefulness of extracorporeal therapy is 
limited to anecdotal reports and case series. Furthermore, 
there are some practical limitations to its widespread 
use in emergency situations.” Preparing the patient for 
-extracorporeal therapy is time-consuming and placement of 
catheter in a coagulopathic patient may itself be hazardous. 
There is a higher risk of hypotension with extracorporeal 
therapy in a bleeding patient. A rebound effect of dabigatran 
was reported in some case series with an increase in the 
dabigatran concentration 4-8 hours after the discontinuation 
of intermittent hemodialysis. Despite these limitations, 
most experts recommend hemodialysis and continuous 
venovenous hemodiafiltration (CVVHDF) as effective 
strategies for emergency dabigatran removal 9? They suggest 
a high blood flow rates of 200-400 mL/min, and dialysate 
flow rates of 700 mL/min for at least 4 hours, followed by 
conventional continuous renal replacement therapy. 


Idarucizumab 


Idarucizumab, if available, is the agent of choice for the 
emergency reversal of dabigatran and is discussed in detail 
in the next sectjon. 


Prothrombin Complex Concentrate 


Prothrombin complex concentrates or aPCCs are not specific 
Teversal agents against dabigatran. However, administration 
of PCCs and aPCCs have the ability to raise the levels of 
the vitamin K dependent coagulation factors, most notably 
prothrombin with consequent increase in thrombin 
generation. If the plasma concentration of thrombin is 
clearly increased in excess of the level of free dabigatran, 
theoretically, the antithrombotic effect of the drug can be 
minimized. Clinical effects of PCCs and aPCCs in the reversal 
of dabigatran associated bleeding have been reviewed in a 
recent article? The authors reviewed preclinical studies, 
healthy volunteer studies, and case-reports. In 6 animal 
studies, the effect of PCCs and aPCCs on dabigatran induced 
coagulopathy was found to be dose dependent with sufficient 
doses of both PCC and aPCC (50 IU/kg) successfully reversing 
it. No significant difference was observed between PCC and 
aPCC in the reduction of bleeding. The authors postulated 
that the lack of effectiveness of both PCCs and aPCCs at lower 
doses may be explained by insufficient increases in thrombin 
generation. The ex vivo effects of PCCs and aPCCs on 
dabigatran induced anticoagulation parameters were tested 
in two healthy volunteer studies with contradictory results, 
possibly explained by poor sensitivity of these parameters 
in monitoring the effects of dabigatran.? Case series and 
anecdotal reports included in the review consistently showed 
benefits of both PCCs and aPCCs in reversal of bleeding 
in dabigatran treated patients.? As expected in all these 
patients, PCC and aPCC were used as part of multimodal 
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treatment modalities. The authors concluded that due to 
widespread availability of PCCs and aPCCs compared to 
idarucizumab, their use may be warranted in emergency 
reversal of dabigatran, but a properly conducted randomized 
controlled trial is required to provide robust data regarding 
their efficacy, dose, and relative differences between various 
agents. 


Recombinant Activated Factor VII 


There is not enough evidence to support the use of rFVIIa in 
reversal of bleeding in dabigatran treated patients? In view 
of its high thrombogenic potential, rFVIIa should better be 
avoided in this setting. 


Fresh Frozen Plasma 


Fresh frozen plasma has been used as part of the multimodal 
strategies for emergency reversal of dabigatran. However, it 
is unlikely to be very useful in this setting, given the small 
quantity of coagulation factors present in FFP. 

To summarize, in a patient with active bleeding, dabigatran 
must be discontinued. Activated charcoal may be administered 
within 2 hours of ingestion in patients with lowrisk of aspiration. 
In patients with renal insufficiency or in dabigatran overdose, 
consider hemodialysis or CVVHD to enhance its elimination, 
provided it is feasible and safe in an actively bleeding and 
coagulopathic patient. In the absence of idarucizumab, 
consider PCC for emergency reversal of dabigatran. 


# REVERSAL OF DIRECT ORAL 
&| ANTICOAGULANTS: NEWER OPTIONS 


Newer oral anticoagulants targeting specifically thrombin 
or factor Xa have favorable pharmacokinetic properties with 
wide therapeutic window, short half-life, and predictable 
response without any requirement of therapeutic monitoring. 
Their efficacy in preventing thromboembolic events is now 
established. In a meta-analysis of 4 randomized controlled 
trials, compared to warfarin, direct oral anticoagulanis 
(DOACSs) significantly reduced stroke or systemic embolic 


events and all-cause mortality." The meta-analysis has also ` 


shown a decreased risk of intracranial hemorrhage with 
DOACs.”* Despite the attractive pharmacokinetic properties 
and proven efficacy, clinicians are still reluctant to use these 
agents in their clinical practice and one major concern is 
certainly lack of effective reversal agent.556 Fortunately, 
idarucizumab is now approved and a number of new reversal 
agents are under various stages of development. 


Idarucizumab 


Idarucizumab is a humanized mouse monoclonal antibody 
fragment binding specifically to dabigatran with an affinity 
approximately 350 times stronger than thrombin. In addition 
to dabigatran, idarucizumab also irreversibly binds with 
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the active glucuronide metabolite of dabigatran." Both 
idarucizumab and idarucizumab-dabigatran complexes 
are finally excreted renally. It has no direct activity on 
coagulation and platelet activation and expected to have less 
prothrombotic potential. 192527 

A phase 3 clinical trial, Reversal Effects of Idarucizumab 
on Active Dabigatran (RE-VERSE AD), is under way. The 
study planned to enroll 500 patients in two categories— 
group A, those with serious bleeding requiring reversal and 
group B, those requiring urgent intervention that cannot wait 
for at least 8 hours. All patients are given 5 g idarucizumab, 
as two intravenous boluses of 2.5 g, each administered over 
5-]0 minutes within 15 minutes of each other. Primary 
endpoint of the trial is the maximum percentage reversal 
of the anticoagulant effect of dabigatran within 4 hours 
after the administration-of idarucizumab, based on central 
laboratory measurement of dilute thrombin time (dTT) or 
ecarin clotting time (ECT). A key secondary endpoint is 
the restoration of hemostasis.” An interim analysis of the 
first 90 patients enrolled in the trial (51 patients in group A 
and 39 in group B) has been published recently.?? Elevated 
TT and ECT were reversed in 100% of patients with 
baseline elevation of these parameters within minutes of 
idarucizumab administration. Hemostasis was restored at a 
median of 11.4 hours in 35 patients from group A in whom 
time to cessation of bleeding could be assessed. In 36 patients 
from group B who underwent an intervention, hemostasis 
was judged to be normal in 33 patients with only mild-to- 
moderate abnormality in the other three. One patient, in 
whom anticoagulant was not reinitiated, had a thrombotic 
event within 72 hours of idarucizumab dosing. 


Andexanet 


Andexanet alfa is a catalytically inactive, truncated 
recombinant factor Xa with ability to bind and reverse the 
effect of direct factor Xa inhibitors as well as LMWHs. Because 
of its potential to bind and inhibit tissue factor pathway 
inhibitors (TFPI), andexanet may cause transient elevations 
of D-dimer and prothrombin fragments 1 and 2, as well as 
transient elevated levels of thrombin generation???" The 
clinical significance of this phenomenon of TFPI inhibition 
is uncertain. 

In a randomized placebo controlled trial, the ability of 
andexanet bolus (800 mg intravenous bolus, phase 1) and 
bolus plus infüsion (800 mg intravenous bolus followed by 
infusion of 8 mg/min for 120 min, phase 2) to reverse the 
anticoagulation effect of apixaban [Andexanet Alfa a Novel 
Antidote to the Anticoagulant Effects of {XA Inhibitors 
(ANNEXA)-A] and rivaroxaban (ANNEXA-R) were tested on 
healthy older volunteers.” Primary outcome measure was 
change in anti-factor Xa activity. With andexanet bolus, anti- 
factor Xa activity was reduced by 94% in apixaban treated 
participants (compared to 21% in those who received placebo) 
and thrombin generation was fully restored in 100% within 
2-5 minutes. Among the rivaroxaban treated participants, 
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anti-factor Xa activity was reduced by 92% among those who 
received an andexanet bolus (compared with 18% in those 
-who received placebo) and thrombin generation was fully 
restored in 96%. These effects were sustained when andexanet 
was administered as bolus plus an infusion. Transient 
increases in D-dimer and prothrombin fragments 1 and 2 
were observed, with no clinical thrombotic event. Currently, 
a phase 3 trial is underway (ANNEXA-4, NCT02329327), 
evaluating the efficacy and safety of andexanet in patients 
with factor Xa inhibitor associated acute major bleeding.'? 


Ciraparantag (PER977) 


Ciraparantag is a synthetic, peptide-like molecule with 
ability to bind all DOACs via hydrogen bond and reverse 
their anticoagulant effect. It also binds with heparin, LMWH, 
and fondaparinux. In a phase 1, dose ranging study of 
ciraparantag in 80 healthy volunteers, pretreated with 60 mg 
edoxaban, baseline hemostasis as assessed by whole blood 
clotting time, was restored from the anticoagulated state 
within 10-30 minutes after administration of 100-300 mg 
of the drug and was sustained for 24 hours.?? There was no 
evidence of procoagulant activity after ciraparantag dose. 
The full clinical therapeutic potential of this new agent can be 
ascertained only after phase 3 clinical trials. 


& CONCLUSION 


Benefits of anticoagulant reversal must be balanced against — 


the potential risk of promoting procoagulant state in a 
high risk patient. Agents should be avoided for reversing 
laboratory coagulation parameters in a nonbleeding patient, 
except probably in overdose situation. Anticoagulation 
effects must be reversed.as quickly as possible in an actively 
bleeding patient or in patients who require urgent life- 
saving intervention. Numbers of proven interventions are 
available to reverse the anticoagulant effects of conventional 
anticoagulants. Nonavailability of effective reversal agents is 
still a major limitation for newer anticoagulants. Fortunately, 
a number of effective reversal agents against these newer 
anticoagulants are currently in various stages of development, 
with one (idarucizumab) already approved for clinical use. 
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————— —- CHAPTER 
Coagulopathy in Trauma 
Chandrashish Chakravarty 
ü INTRODUCTION i If the patient is in shock and FAST is positive, he should 


be shifted to operating room (OR) for laparotomy and 
Hemorrhage after trauma happens from either bleeding not to a computed tomography (CT) scanner.! Shock in a 
from anatomical site of injury or due to coagulopathy and trauma victim is assumed to be hemorrhagic unless proven 
this differentiation needs tp be made for a rational approach 
toward bleeding trauma patient (Table 1). In this chapter, 


coagulopathic bleed will be discussed. TABLE 1 Differentiating traumatic bleed from coagulopathic 
bleed 
$ INITIAL ASSESSMENT (TABLE 2) Anatomical bleed Coagulopathic bleed 
E PECORA RE f d 
| * Result of direct trauma | è Acute coagulopathy of trauma- 


Once a bleeding patient comes to the trauma bay, he/she “© Clinical diagnosis, trauma | shock, dilutional, drugs 
needs quick clinical assessment to find out the source of : series X-rays or CT scans, |e APTT/PT/TT/platelet/fibrinogen, | 


bleeding. Stopping blood loss remains the first priority to i FAST scan thromboelastrography to | 


prevent further dilutional coagulopathy from resuscitation | e Surgical control, | diagnose 

fluids and blood products. ; embolization, tourniquet |e Blood products, hypothermia | 
This may include trauma series X-rays of chest to look for ^ |* Bleed from site of trauma/ | correction, acidosis correction 

hemothorax, X-ray of pelvis to look for displaced unstable Organ of injury * Diffuse oozing 


Cannot be prevented but | e Can be prevented in majority of | 
needs to be stopped early patients 


If uncontrolled can  " e Worsens bleeding from 


fractures usually associated with massive blood loss and 
X-ray of extremities as required. Focused assessment by 
sonography in trauma (FAST) scan has gained tremendous be compounded by LÀ atomical ete 
importance in identifying intra-abdominal free fluid, which >  (oagutopathic bleed’ 
in a trauma victim should be assumed as blood. Now, ^ — ^ — - REGE CSS 
extended FAST (EFAST) also helps to quickly rule out fluid trauma; APTT, activated partial thromboplastin time; PT, prothrombin time; TT, 
(hemothorax) in pleural cavity. thrombin time. 


e. 


TABLE 2 Initial assessment of a bleeding trauma patient 


Bleeding patient in trauma bay : Hemodynamically unstable —..— Hemodynamically stable 
| * Assessment | e Get OR ready ie Computed tomography scans i 
| e Chest X-ray | e Avoid plasma poor PRBC transfusion e Monitor coagulation parameters | 
| e FAST e Permissive hypotension to keep ; © Actaccording to injuries noted | 
| fe ABGwith lactate ` SBP >80 mmHg [or MBP >80 mmHg in severe TBI] | « Take better history and start | 
| — le Small volume resuscitation with crystalloids | « Early fibrinogen i secondary survey l 
i | e Tranexamic acid within 3 h | © Check ionized calcium n i | 
| e. Predict requirement for MBT į © Noradrenaline may be used | i 
| e Avoid hypothermia and correct acidosis i e Damage control surgery | | 


FAST, focused assessment by sonography in trauma; ABG, arterial blood gas; MBT, mycobacterium tuberculosis; OR, operating room; PRBC, packed red blood cell; 
SBP, systolic blood pressure; MBP, mean blood pressure; TBI, traumatic brain injury. 
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otherwise. Before starting the OR, the patient should be 
resuscitated with small volume of crystalloid boluses till 
blood products arrive to maintain a systolic blood pressure 
of around 80 mmHg except in severe traumatic brain injury 
patients where a mean blood pressure of 80 mmHg is 
desirable.! This permissive hypotension reduces blood loss 
from decreased pressure head, less dilutional coagulopathy, 
and less hypothermia from cold fluids. 

If the patient is very acidotic or hypothermic, damage 
control surgery? should be performed for achieving quick 
hemostasis. The tripartite role of damage control laparotomy 
is to quickly look inside abdomen to stop bleeding from site 
of injury, preserve perfusion, and decontaminate. The time 
to achieve this is vital and more the time is lost, there is 
more coagulopathic bleeding leading to a vicious cycle. If 
no source of bleeding can be identified, pelvic angiogram 
and embolization? of the bleeding vessel should be the 
next step. 


$i THROMBOELASTOGRAPHY | 


Thromboelastography/rotational dopage (TEG/ 
ROTEM) is a test to measure at the bedside efficiency of 
coagulation. It measures the speed and strength of clot 
formation. The speed at which the sample coagulates 
depends on the activity of the plasma coagulation system, 
platelet function, and fibrinolysis. The pattern of changes in 
strength and elasticity in the clot provide information about 
how well the blood can clot. This test displays four values: 
(i) the R value represents the time until the first evidence of 
a clot is detected, (ii) The K value is the time from the end 
of R until the clot reaches 20 mm and this represents the 
speed of clot formation, (iii) the maximum amplitude (MA) 
is a reflection of clot strength. It has been suggested in the 
recent guidelines of massive hemorrhage‘ to diagnose the 
deficiency in hemostatic pathway and direct blood product 
transfusion. The advantages of TEG are that it is available 
at the point of care and helps to tease out the components 
of hemostatic defect, e.g., mean clot firmness (in ROTEM) 
<6 mm prompts fibrinogen administration or fresh frozen 
plasma (FFP)/prothrombin complex concentrate (PCC) may 
be transfused in case of delayed initiation of clot (reaction 
time, R>11 minutes). Maximum clot amplitude (MA) in TEG 
<50 shows platelet deficiency (also hypofibrinogenemia) 
whereas a pattern like a rat-tail (>3% decrease in clot strength 
after 30 min, A30 or LY30) shows hyperfibrinolysis. 


E ACUTE COAGULOPATHY OF TRAUMA— 
lj SHOCK OR ENDOGENOUS ACUTE 
t COAGULOPATHY 


Recent studies have shown thatu upto 25% of patients coming 
to the trauma bay are coagulopathic before getting any 
fluids. This has been termed acute coagulopathy of trauma- 
shock (ACoTS) or endogenous acute coagulopathy (EAC) 


— 


and primarily happens from tissue trauma hypoperfusion 
injury"? which over activates the protein C pathway causing 
hyperfibrinolysis. Protein C, once activated, plays a dual 
role in fibrinolysis by firstly inhibiting thrombin generation 
(in turn'by inhibiting cofactors V and VIII) and, secondly 
by consuming plasminogen activator inhibitor-1 (PAI-1). 
By the first mechanism, it decreases the availability of 
thrombin responsible for fibrin generation. It is important 
to remember that thrombomodulin expressed by damaged 
endothelium further reduces thrombin level by forming 
complex with it. By second mechanism, reduced PAI-1 
causes hyperfibrinolysis by increased activity of tissue 
plasminogen activator (tPA). 

This is a major shift from previous notion of coagulopathy 
in trauma, which either originated from overconsumption of 
coagulation factors (disseminated intravascular coagulation) 
or dilution of coagulation factors? by fluids/plasma poor 
red blood cell (RBC) transfusion. These problems can be 
compounded by hypothermia and acidosis, which further 
inhibit the coagulation pathway. Acute coagulopathy of 
trauma-shock is independently associated with increased 
m organ dysfunction and transfusion requirement." 


ij TRANEXAMIC ACID > 


The Clinical Randomization of an -— in 
Significant Hemorrhage (CRASH)-2 study! subjected 
>10,000 trauma victims with significant hemorrhage to anti- 


fibrinolytic tranexamic acid (TXA) and found a decrease in ` 


mortality, if given early before 3 hours. It was administered 
as a 1 g bolus over 10 minutes followed by 1 g infusions over 
8 hours in all patients. There was no increase in thrombotic 
events like acute myocardial infarction or stroke seen after 
administering this drug. Hyperfibrinolysis, as explained 
earlier, is central to development of ACoTS and hence 
addition of TXA to any patient with significant bleeding is 
rational. Tranexamic acid-has become the standard of care 
in trauma since the CRASH-2 trial. If TXA is not available, 
c-aminocaproic acid may be used instead. It is ten times 
weaker and needs to be given as infusion because of short 
half-life. Dosage: loading dose of 150 mg/kg followed by an 
infusion of 15 mg/kg/h. 


ui PREDICTION OF MASSIVE TRANSFUSION _ 


In adults, Massive transfusion (MT) is defined as replacement 
of more than 1 blood volume in 24 hours or >50% of blood 
volume in 4 hours (adult blood volume is approximately 
10 mL/kg). Thus it is a post hoc definition when the damage 
has already been done. Hence, it is important to predict, 
which trauma victims may require MT and prepare the 
blood bank accordingly or trigger the "MT protocol" of the 
hospital. The assessment of blood consumption (ABC)? and 
the Trauma Associated Severe Hemorrhage scores! used for 
predicting MT are discussed in this chapter. 
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Assessment of blood consumption score was first 
proposed by Nunez et al. in 2009 and later validated in larger 
trial. It is most clinical and easy to use. It involves: 

e Systolic blood pressure at emergency room (ER) 

«90 mmHg | 
e Heart rate at ER >120/min 
e Penetrating injury 
e Focussed Assessment by Sonography in Trauma (FAST) 

positive for free fluid. 

If at least two of these are present, it predicts the need 
for MT. 


Massive Transfusion Protocol 


After identifying the trauma victims who may require a MT 
or any patient who has already received four units of packed 
RBC (PRBC),'* the hospital blood bank and intensive care 
unit team must be intimidated to trigger the “MT protocol/ 
pathway” 

The basic premises of this MT protocol are: 

e Arranging adequate FFP and platelet along with PRBC 

(ratio of FFP:platelet:PRBC is 1:1:1 or close to it) 

e To arrange for at least 10 units of PRBC 
e Arrange 3-4 units of FFP within 0.5 hour (time taken to 
thaw). 

Certain general! rules apply to all severely bleeding 
trauma patients. Ionized calcium levels should be 
monitored during MT and iv-calcium replacement used 
if required. Generally accepted hemoglobin targets are 
7 g/dL. In traumatic brain injury, a target of >9 g/dL should 
be used. Colloids like starch for resuscitation should 
be avoided and hypothermia prevented at every level. 
Although there was initial enthusiasm, 7.596 hypertonic 
saline-dextran combination did not prove to be of benefit 
in trauma resuscitation. Recent data hint that large volume 
0.9% normal saline may cause more acidosis and balanced 
crystalloids should be used in small volume aliquots as 
resuscitation fluid. 


èi USE OF FRESH FROZEN PLASMA AND 
ij PROTHROMBIN COMPLEX CONCENTRATE 


The United States Army Institute of Surgical Research, after 
Iraq war revealed the concept of early FFP and platelet 
administration in bleeding war victims. The war taught us 
that whole blood is best for resuscitation as it has maximum 
hematocrit, platelet, and coagulation factors. As whole 
blood is difficult to obtain in civilian trauma settings, it was 
decided that a 1:1:1 ratio! of PRBC:FFP:platelets shall be 
ideal. : 

Since plasma transfusion is not free of hazards, different 
studies followed to find out the best possible ratio, which 
balances the risk between coagulopathy and transfusion 
complications. There is still controversy and heterogeneity 
amongst the studies though most feel that the target should 


be a FFP:RBC ratio somewhere between 1:2 and 1:1. 
Davenport et al. studied the thromboelastometric stability 
of clot formation and noted that plasma:RBC ratio should be 
between 1:2 and 3:4. Most studies did not show any benefit, 
but rather harm, in higher plasma: RBC ratio above 1:1. 

Vitamin K-dependent coagulation factors usually are 
responsible for continuation of bleeding once fibrinogen is 
replaced. Fresh frozen plasma or four-factor PCC are good 
sources of factors II, VII, IX, and X. Prothrombin complex 
concentrate is more predictable in action. The lowest possible 
dose of PCC, which should be administered, is 20 IU/kg 
bodyweight because of its thrombogenicity.! Prothrombin 
time/international normalized ratio (INR) is the best possible 
guide to PCC therapy, if TEG is not available although unlike 
for warfarin reversal, INR is not a reliable marker of bleeding 
risk in emergency and trauma situations.!9 High dose of PCC 
(25-50 U/kg) may be used to reverse factor Xa inhibitors like 
rivaroxaban/apixaban.!”* [t is increasingly likely that trauma 
patients on newer oral anticoagulants will be coming more 
often due to widespread use of these agents. Hemodialysis 
or idarucizumab!* may be used to reverse the effect of 
dabigatran in bleeding patients. 


& USE OF FIBRINOGEN OR 
| CRYOPRECIPITATE 


Volume resuscitation after massive blood loss leads to drop 
reach critically low levels. In a recent large retrospective 
study, multivariate analysis” revealed that in massively 
transfused patients, those with a critically low level of 
fibrinogen on admission had the highest mortality. A 
fibrinogen level «100 mg/dL is an independent risk factor 
of mortality. Current guidelines! recommend a trigger of 
150-200 g/dL for replacement of fibrinogen either from FFP 
or cryoprecipitate or fibrinogen concentrate in bleeding 
trauma victims. In general, administration of 3 g fibrinogen 
concentrate?! or 15-20 units of cryoprecipitate (50 mg/kg 
of cryoprecipitate) will increase plasma fibrinogen levels by 
100 g/dL in a normal adult male who is severely bleeding. 
Point of care tests like thromboelastography~ is greatly 
helpful to decide, if fibrinogen should be administered early 
or not. It is important to note that FFP is not a good source 
of fibrinogen but rich in factors II, VII, IX, and X, whereas 
cryoprecipitate is also a rich source of von Willebrands factor 
and factor XIII. However, the safest and precise form of 
fibrinogen replacement remains fibrinogen concentrate. 


a PLATELETS 


There is still controversy about the empirical transfusion of 
platelets in severely bleeding patients except in battlefields 
or those on dual-antiplatelet therapy. Platelet count usually 
drops to critical levels much late in hemorrhage and large 
volume crystalloid resuscitation. Hence, guidelines! suggest 


‘in fibrinogen levels at the earliest before coagulation factors... ..... ...... 
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a trigger of «50,000/cc for platelet transfusion in most 
civilian trauma. It should be kept at »100,000/cc in case of 
brain injury. Since.risk versus benefit of platelet transfusion 
is uncertain, most believe in transfusing platelets once the 
laboratory values are available. 

Those on antiplatelet therapy may benefit from 
desmopressin and recombinant factor VIIa (rFVIIa). 
Desmopressin is also indicated in trauma victims with von 
Willebrand disease.” It improves platelet aggregation in 
hypothermia” and acidosis and hence helps in hemostasis. 
The standard dosage used is 0.3 g/kg diluted in 50 mL saline 
and infused over 30 minutes. 


N RECOMBINANT FACTOR VIIA _ 


Role of rFVIIa in trauma situations remain controversial 
with some role? in blunt trauma particularly liver injury. It 
may be considered for bleeding control once acidosis and 
hypothermia is corrected, platelet and fibrinogen replaced, 
and surgery done, if possible. Blood and blood product 
transfusion must be optimized before rFVIIa is considered. 
The minimum effective dose is 60-90 ug/kg body weight. It is 
not recommended currently in isolated head trauma and in 
conjunction with PCC.. 


B CONCLUSION 


Ofall trauma victims, 45% deaths!" are attributed to bleeding. 
Coagulopathy sets in early after trauma. This needs prompt 
identification by conventional laboratory tests or TEG/ 
ROTEM. Early aggressive blood/blood product based 
resuscitation has become the standard of care instead of 
large volume crystalloids. Early administration of fibrinogen 
concentrate and TXA may prove useful in severely bleeding 
patients. 
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Current Blood Transfusion Threshold in 
Intensive Care Units 


Neeta Bose 


SINTRODUCTION...—..— oui. 


Blood transfusion is common in the critically ill and trauma 
patients. Blood is an indispensable product in the current 
medical practice.! Red blood cell (RBC) transfusion is used 
for improving oxygen delivery to tissues, most often to treat 
hemorrhage and anemia? Red blood cell transfusion is 
important in the management of anemic patients and is 
one of the few treatments that adequately restore tissue 
oxygenation when oxygen demand exceeds supply.** Blood 


.-is to-be replaced by blood, especially beyond the initial stages 


of hemorrhagic shock, because with continuing blood loss 
tissues reach a critical oxygen delivery. Blood transfusion 
has been perceived as a safe and effective for almost 100 
years. Lately, transfusion practice is moving toward a 
more restrictive approach due to emerging trial data and 
subsequent revised clinical guidelines and increased focus 
on the concept of blood management.?^ 

Although blood transfusion can be lifesaving, yet this 
has to be used judiciously for two simple reasons. One, 
blood and blood components are expensive and supplies 
are limited. Secondly, blood transfusion is essentially organ 
transplantation; hence, there can be serious adverse effects. 
Avoiding unnecessary transfusion is good for patients and 
conserving blood supplies. Clinical assessment and treatment 
is more important than just treating laboratory values 
Physiology of the critically ill patients vary depending upon the 
primary illness andits severity, age, comorbid conditions, acute 
hemorrhage, and chronic anemia and thus, tolerance to low 
hemoglobin (Hb) differs as well as the benefit from transfusion. 
Hence, the need for transfusion is to be individualized, even 
though guidelines give cutoff values, risk versus benefit has to 
be weighed carefully by the treating physician. 


ij ANEMIA DEFINITION 


The World Health Organization defines anemia in men and 
women as an Hb «13 g/dL and «12 g/dL, respectively,’ and 
severe anemia as «8 g/dL? Anemia is common amongst 
the critically ill, 6096 patients being anemic on admission 
to intensive care units (ICU) and 20-3096 have a first Hb 
concentration of «9 g/dL.!9-^ After 7 days, 80% ICU patients 
have an Hb «9 g/dL. There is a strong association between 
anemia and inferior outcomes, especially with associated 
cardiovascular disease. Anemia is more prominent in 
patients with septic shock with a mean admitting Hb level 
of 10.5 g/dL and in more than half of patients it decreases to 
«9 g/dL during the first 3 days of shock.!^122021 


Anemia Causes 


Anemia in the critically ill patient is multifactorial, but basic 

two fundamental processes happen: a shortened circulatory 

lifespan and/or diminished production of RBCs. Only 10-15% 

of patients have chronic anemia before ICU admission. 

Reasons can be enumerated as follows: 

e Hemodilution—administration of intravenous fluids 

e Blood loss 

e Blood sampling 

e Impaired erythropoiesis secondary to inflammation—in 
prolonged illness? 

e Rheologic changes inducing RBC removal via the 
reticuloendothelial system??? 

e Decreased RBC production due to decreased endogenous 
erythropoietin levels, hyporeactive bone marrow, and 
immune-associated functional iron deficiency—all 
associated with critical illness." 
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*. TRANSFUSION INCIDENCE AND THE 
* CURRENT PRACTICE IN TRANSFUSION : 


Approximately, 85 million are transfused annually 

worldwide.” In 2014/15 National Health Service Blood and 

Transplant issued 1.7 million units of RBCs to hospitals in 

England and North Wales. An estimated 430,000 patients 

received a RBC transfusion in 2002.7 
Various studies indicate that there is widespread use 

of RBC transfusion in critically ill patients. Overall, 30-50% 

of ICU patients receive RBC transfusions.!^?? About 10% of 

all RBCs transfused nationally are given in general ICUs.? 

Studies indicate that only 20% of transfusions are ordered to 

treat hemorrhage;!! the majority are given for anemia. 
Following are the percentage of patients transfused in 

ICUs from all over the world: 

* Anemia and Blood Transfusion in Critically ill Patients 
(ABC) study (Western Europe)—37%!! 

e Sepsis Occurrence in Acutely Ill Patients (SOAP) study 
(Europe)—33%9 

e The CRIT study (United States of America) —44.1%" 

e ‘Trauma patients from CRIT study (United states of 
America)}—55.4%9 

e Transfusion Requirements in Critical Care (TRICC) 
Investigators (Canada) —25%*! 

e North Thames Blood Interest Group (United Kingdom)— 
53.4% 


. * American Burn Association (ABA) Multicenter Trials 


Group (United States, Canada)—74.4%** 
e Audit of Transfusion in Intensive Care in Scotland (ATICS) 
study (Scotland, United Kingdom) —39.5%.'° 


@ STUDIES ON TRANSFUSION _ 


Intensive Care Unit Studies on Transfusion 


Anemia and Blood Transfusion in 
Critically ill Patients study 


Prospective multicenter observational study of 3,534 patients 
from 146 ICUs in Western Europe indicated that 37% 
patients were transfused in ICU. Mean pretransfusion Hb 
was 8.4 g/dL with around five units per patient transfused. 
Mean ICU length of stay was equal to 4.5 days and overall ICU 
mortality was 13.590, 


Sepsis Occurrence in Acutely Ill Patients Study 


Prospective multicenter observational cohort study of 3,147 
patients from 198 ICUs in Europe done in May 2002 revealed 
that 33% received transfusion. 


The CRIT Study 


It examined the relationship of anemia and RBC transfusion 
to clinical outcomes. This was a prospective study done in 


various ICU’s from 213 hospitals, over a period of 8 months 
in year 2000-2001 and total 4,892 patients were enrolled. 
Around 44% patients had received on an average four to five 
RBC transfusion and mean pretransfusion Hb was around 
8.6 g/dL. The number of RBC transfusions a patient received 
during the study was independently associated with longer 
ICU and hospital lengths of stay and an increase in mortality.'? 


Transfusion Requirements in Critical Care Study 


The strongest evidence guiding transfusion policy in adult 
critically ill patients comes from the TRICC study. Patients 
from 25 ICU's in Canada between 1994 and 1997, with an 
expected stay of more than 24 hours with an Hb of «9 g/dL 
within 72 hours ofadmission and considered to be euvolemic, 
were registered. Randomization was done into two groups, a 
high Hb transfusion trigger of «10 g/dL the "liberal" group, 
or a lower trigger of <7 g/dL (the “restrictive” group). The 
restrictive group received 54% lesser units of blood and 
33% received no blood transfusion versus all patients in the 
liberal group received transfusions. The 30-day mortality in 
the liberal group was comparable to general ICU population 
(23.3%), on the ather hand, there was lower mortality in the 
restrictive. group (18.7%), though not significant. Younger 
patients (age «55 years) and patients with low Acute 
Physiology and Chronic Health Evaluation II (APACHE II) 
score («20); mortality at 30 days was significantly lower in the 
restrictive group. Also, there were lower new organ failures in 


the restrictive group whereas incidence of acute respiratory ` 


distress syndrome (ARDS) was higher in the liberal group. 
This study supports maintaining Hb between 7 g/dL and 9 g/ 
dL? 


Perioperative Studies on Transfusion 


Transfusion Requirements after 
Cardiac Surgery TriaP^ 


Transfusion Requirements After Cardiac Surgery (TRACS) 
study was a prospective, randomized, controlled coriducted 
between February 2009 and February 2010 in an ICU at a 
university hospital cardiac surgery referral center in Brazil, 
wherein patients were randomly assigned to a liberal 
strategy of blood transfusion (to maintain a hematocrit of 
30%, Hb 10:5 g/dL) or to a restrictive strategy (hematocrit 
of 24% and Hb 9.1 g/dL). The primary outcome was à 
composite endpoint, which included 30-day mortality and 
severe morbidity (known complications like cardiogenic 
shock, ARDS, or acute renal injury requiring dialysis or 
hemofiltration)?!" occurring during the hospital stay 
and this was similar in the two groups. Secondary outcomes 
included all respiratory, cardiac, neurologic, and infectious 
complications; inflammatory complications; bleeding- 
requiring reoperation; and ICU and hospital lengths of stay 
were similar in both the groups. More patients in the liberal 
strategy group received a blood transfusion than in the 
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restrictive group (7896 vs. 4796). Total number of transfused 
RBC units was significantly more in the liberal group (613 vs. 
258). Independent of the treatment, patients who received 
an RBC transfusion had higher rates of complications 
after surgery, including 30-day mortality. The number of 
transfused RBC units was an independent risk factor for 
clinical complications or death at 30 days (1.2-fold higher risk 
of death at 30 days for each unit transfused). Transfusion of 
five or more RBC units was associated with higher mortality.** 


Association of Anaesthetists of 
Great Britain and Ireland 


Allogeneic red cell transfusion is commonly used to 
improve the oxygen carrying capacity of blood during the 
perioperative period. Increasing arterial oxygen content by 
increasing Hb does not necessarily increase tissue oxygen 
delivery or uptake. Randomized studies in various surgical 
clinical settings nowadays consistently support the restrictive 
use of red cells with no evidence of advantage of maintaining 
patients at higher Hb thresholds (liberal strategy). 
Approximately, 2 million units of red cells were issued across 
the United Kingdom in 2011, with surgical patients receiving 
approximately 40% of transfused allogeneic blood.?®° 


Transfusion Studies in Older Patient 


-~ Patients belonging to the'elderly age group deserve separate 


mentions, who are admitted in the ICU or undergoing 

surgery, especially with increasing life expectancy and more 

number of operations being performed. Due to their limited 
reserves, their response to different clinical scenarios can 
vary and be unpredictable. 

* In older patients (>65 years), preoperative hematocrit 
levels and postoperative outcomes in terms of mortality 
and cardiac events were found to be inversely correlative 
in a retrospective review of 310,311 patients. Even with 
mild anemia, there was 10% increase in events!? 

* Functional Outcomes in Cardiovascular patients Under- 
going Surgical repair of hip fracture (FOCUS) trial:*! 2,016 
patients 250 years of age (mean age 81.6 years), who 
had either a history of or risk factors for cardiovascular 
disease (in 62.996 cases), and whose Hb level was below 
10 g/dL after hip fracture surgery were enrolled from 47 
clinical sites in United States of America and Canada 
between July 2004 and February 2009. Patients were 
randomly divided into liberal transfusion strategy (an 
Hb threshold of 10 g/dL) versus a restrictive transfusion 
strategy (symptoms of anemia or at physician discretion 
for an Hb level of «8 g/dL). A liberal transfusion strategy, 
as compared with a restrictive strategy, did not reduce 
rates of death or inability to walk independently on 60- 
day follow-up (primary outcome) or reduce inhospital 
morbidity in elderly patients at high-cardiovascular risk 
including cardiovascular event rates and other functional 


measures (secondary outcome). Hence, there is no 
evidence that maintaining the Hb level above 10 g/dL was 
superior to transfusion for symptoms or maintaining an 
Hb level of <8 g/dL"! 

e Red blood cell use and patient outcomes were observed 
in six ICUs in United Kingdom between August 2009 
and December 2010. Anemic (Hb «9 g/dL) critically ill 
patients of age 255 years requiring 24 days of mechanical 
ventilation in ICU were either grouped into restrictive 
or liberal blood transfusion strategies. Fewer patients in 
the restrictive group were transfused postrandomization 
(p «0.001) and received a median fewer RBC units. No 
major differences in organ dysfunction, duration of 
ventilation, infections, or cardiovascular complications 
were observed during intensive care and hospital follow- 
up. Mortality at 180- days postrandomization trended 
toward higher rates in the liberal group (5596) than in the 
restrictive group (3796).*? 


Cochrane Database 
Cochrane Database Published in 2012 


It examined the evidence for the effect of transfusion 
thresholds on the use of red cell transfusion and for any 
effect on clinical outcomes. Nineteen trials involving 6,264 
patients were included. Restrictive transfusion strategies 


reduced the risk of receiving a RBC transfusion by 3995;-The- 


volume of RBCs transfused was reduced on average by 1.19 
units. Restrictive transfusion strategies did not affect the rate 
of adverse events compared to liberal transfusion strategies 
(i.e., mortality, cardiac events, myocardial infarction, stroke, 
pneumonia, and thromboembolism). Restrictive transfusion 
strategies were associated with a statistically significant 
reduction in hospital mortality but not 30-day mortality 
and also there was no reduction in functional recovery and 
hospital or intensive care length of stay. 


Cochrane Database of Systematic Reviews 2016 


This review summarized all randomized controlled trials 
(RCTs) that investigated whether it is safe to give blood 
transfusions when the blood count drops to between seven 
and eight (thereby reducing the number of transfusions), 
rather than giving transfusions at higher blood counts of 9 
to 10. Total 31 relevant trials involving 12,587 participants 
were examined. Those receiving blood at lower Hb 
were 43% less likely to receive transfusion than those at 
higher Hb. There was no difference in 30-day mortality or 
morbidity, e.g., infection (pneumonia, wound infection, 
etc.), myocardial infarction, strokes and thus there was no 
difference in adverse events between the two groups. It was 
concluded that a policy of transfusing at lower Hb levels 
would reduce the amount of unnecessary transfusions to 
avoid the harmful side effects. 
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Transfusion in Bleeding Patients 
TRIGGER Trial 


Between September 2012 and March 2013, 936 patients 
across six hospitals in United Kingdom presenting with acute 
upper gastrointestinal bleeding, except for exsanguinating 
hemorrhage were enrolled. Patients were grouped in 
either a restrictive (transfusion when Hb concentration fell 
below 8 g/dL)—403 patients, or liberal (transfusion when 
Hb concentration fell below 10 g/dL)—533 patients, RBC 
transfusion policy. There was high recruitment rate for 
the liberal group and Hb concentration was similar. Fewer 
patients received RBC' in the restrictive group, though not 
significant. There was no significant difference in clinical 
outcomes.^5 


j 


Pi 


B RATIONALE FORTRANSFUSION ——— 


lne ——. 


Majority of oxygen, which is delivered to the tissues, is bound 
to Hb in the RBCs. Oxygen delivery [oxygen flux (DO,)] is 
dependent on content as well as the cardiac output: 


DO, (oxygen flux) = [CO x Hb x saturation x Huffners 
constant (1.39)] + (0.023 x PO,) 


In the resting state, there is four times oxygen delivery 
than the consumption, hence if Hb falls, eg, during 
bleeding with a normal cardiovascular status, delivery of 
oxygen will remain adequate until hematocrit decreases 
below 10%. Increase in cardiac output, rightward shift of 
oxygen dissociation curve, and increased oxygen extraction 
can compensate for decreased oxygen content. Anemia 
decreases oxygen delivery by decreasing its content in blood. 
In healthy patients, DO, can be raised by increasing cardiac 
output by either raising the heart rate or the stroke volume. In 
critically ill patients, oxygen consumption and its extraction 
by tissues is very high and DO, may become more dependent 
on arterial oxygen content, thus making oxygen utilization 
pathologically dependent upon DO,. Therefore, anemia is 
not well tolerated in the critically ill. In contrast, in healthy 
individuals, lower Hb levels up to 5-6 g/dL may be tolerated 
before any clinical effects were noticed. 

In a study of healthy resting individuals, who had 
undergone acute isovolemic reduction of their Hb to 5 g/dL 
(hematocrit of 1595), some developed electrocardiogram 
(ECG) changes of myocardial ischemia, progressive 
increases in stroke volume and heart rate," and therefore, 
the cardiac output, and a progressive decrease in the 
systemic vascular resistance, although there was hardly any 
evidence of decreased oxygen delivery. Of note, cognitive 
function measured by reaction time and immediate memory 
was impaired when the Hb concentration was reduced to 
5-6 g/dL.? In healthy adult, compensatory mechanisms 
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but this may be impaired in critically ill patients and in 
‘patients with underlying cardiovascular disease. Hence, in 
the past, keeping a target of 10 g/dL was being justified in 
the critically ill. Though, over the years, multicenter RCTs are 
indicating that target Hb levels of 7-8 g/dL are better in many 
patients.2:1.4954 

In any clinical setting blood transfusion cannot be 
denied to create a control group for comparative study, but 
retrospective study in patients who deny blood transfusion, 
comparisons of clinical effect can be drawn between low 
versus high Hb. The deleterious effects of severe post- 
operative anemia can be understood in the following studies: 
in a retrospective study of 1,958 patients who underwent 
surgery and declined blood transfusion for religious 
reasons, the morality was 1.3% in patients with preoperative 
Hb 212 g/dL and 33.3% in patients with preoperative 
Hb lesser than 6 g/dL. Risk of death increased with low 
preoperative Hb («6 g/dL) and this was more so along with 
associated cardiovascular disease. The results were similar 
during analyses of postoperative Hb and 30-day mortality 
or inhospital morbidity. In a retrospective analysis, 300 
postoperative patients who refused blood transfusion due 
to religious reasons were analyzed. The risk of death was 
low in patients with postoperative Hb levels of 7.1-8.0 g/ 
dL, although morbidity occurred in 9.4%. As postoperative 
blood counts fall, the risk of mortality and/or morbidity rises 
and becomes extremely high below 5-6 g/dL.” 

Sepsis and septic shock is characterized by endothelial 


dysfunction leading to vascular leakage and vasodilatation. ^ 


This results in relative and absolute hypovolemia leading 
to organ hypoperfusion (severe sepsis) and manifest 
cardiovascular compromise with diminished oxygen delivery 
and impaired tissue oxygenation (shock) not reversed by 
initial fluid therapy (septic shock).**°’ If shock persists, 
the result is progressive multiple organ failure (MOF) and 
mortality rates close to 50% and in some subgroup of patients 
up to 75%.°8 For hemodynamic stability, fast intravenous 
fluids, vasopressors, and thereafter RBC transfusion is 
administeredto augment oxygen delivery. Patients with septic 
shock have relative and absolute hypovolemia and along with 
an abnormal microcirculation making their compensatory 
response to anemia less predictable without the help of RBC 
transfusion.» Similarly, other groups of patients with less 
oxygen carrying capacity are patients with coronary artery 
disease, myocardial infarction, and acute brain injury. Red 
blood cell transfusion helps best before oxygen delivery falls 
down to critical level (DO, critical) to prevent tissue hypoxia 
and multiorgan failure. However, DO, and oxygen uptake 
(VO,) relationship varies widely in critically ill patients with 
septic shock and VO, may not increase linearly in spite of 
increasing oxygen delivery following blood transfusion, 
‘caused by heterogeneous microcirculation (stagnant 
hypoxia).9"9? Due to storage, RBCs do not deliver oxygen 
as well due to biochemical and biomechanical alterations, 
which modify their shape and properties. Another 
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reason for the lack of increase in oxygen consumption with 
DO, increase may be because of mitochondrial changes 
(cytopathic hypoxia) due to which the organ cells are unable 
to exploit the increase in available oxygen DO,.?!575* Most 
of the studies show that severe anemia is correlated with 
poor outcome, but data from randomized clinical trials 
also suggest that aggressive correction of anemia does not 
necessarily improve the outcome. Anemia may be only a 
marker for more severe primary disease." 


= DETERMINANT OF 
? TRANSFUSION TRIGGERS 


Transfusion of RBCs have a lifesaving role in bleeding 
patients, but most RBCs are transfused in nonbleeding 
patients with low Hb levels (anemia) because this is still 
the only means of achieving a momentary increase in Hb 
level.^!? For many decades, transfusion was based upon 
the ^10/30 rule" to maintain a blood Hb concentration above 
10 g/dL (100 g/L) and a hematocrit >30%.* 

However, due to issues of transmission of bloodborne 
pathogens and cost factor, transfusion practices were 
telooked into since 1980. The 1988 National Institutes 
of Health Consensus Conference on Perioperative RBC 
Transfusions suggested that no single criterion should be 
used as an indication for red cell component therapy, and 
that multiple factors related to the patient’s clinical condition 


---need to be considered 5^ 


Transfusion triggers are dependent on many factors: 

e Evidence of bleeding and stability of patient 

* Reason for admission (trauma and Grantmakers in 
Health) 

è Patient wishes (Jehovah's witness) 

+ Comorbid conditions (such as ischemic heart disease). 


ij BENEFITS AND RISKS OF TRANSFUSION 


To get the maximum advantage of RBC transfusion and 
minimal risks, unnecessary transfusions need to be 
avoided so as not to expose patients to potential infectious 
or noninfectious risks. Risks due to transfusion can be 
dangerous; incidence can be as high as that due to motor 
vehicle accidents, firearm injuries, fall fatalities, and airplane 
fatalities, etc. The possible risks due to transfusion are human 
immunodeficiency virus (HIV), hepatitis C virus (HCV), 
hepatitis B virus, transfusion-related acute lung injury 
(TRALI), transfusion-associated circulatory overload (TACO), 
fever, life-threatening reaction, and fatal hemolysis.” 


Red Blood Cell Storage Lesion 


Storage leads to biochemical and biomechanical alterations, 
which modify the RBCs leading to intracellular depletion 
of 2,3-diphosphoglycerate (2,3 DPG) and adenosine 
triphosphate and thereby reducing the oxygen-carrying 


capacity of blood. Structural changes include loss of 
cellular membrane integrity leading to shape change and 
loss of deformability. This increases the fragility leading to 
increased red cell-endothelial interaction. There is decrease 
in the storage medium pH, increase in plasma potassium, 
release of free Hb and iron, and accumulation of bioreactive 
substances. Together storage lesion mechanisms decrease 
the RBCs ability to deliver oxygen to the tissues and increase 
the immunomodulatory potential within the storage 
medium. Systematic reviews in the setting of surgery, critical 
illness, and bleeding have found no significant improvement 
in oxygen delivery or consumption, despite an increase 
in oxygen content.°*”8 This is due to the hemodynamic 
response to increased blood viscosity and the loss of red cell 
function during preservation and storage.?557 75 


Transfusion-related Risks: 
Infectious or Noninfectious 


Risk of infection transmission, e.g., viral: HIV, HCV, etc. 
or bacterial are almost eliminated due to laboratory 
testing.957*75 Noninfectious complications can be immune- 
mediated: hemolytic, anaphylactic, and TRALI—incidence 
of TRALI varies from 1:534 to 1:17,000797 or nonimmune- 
mediated: procedural error (ABO incompatibility) and 
TACO—which is the leading cause of transfusion-related 
mortality (1:18-1:356).**? Red blood cells transfusion may 
be associated-with: transfusion-related: modulation of the 
immune system, linked to storage lesion, which may worsen 
the existing systemic inflammatory response syndrome 
(SIRS) leading to multiorgan failure.598 9? Leukocyte 
reduction has shown to decrease the immunomodulating 
properties of stored RBCs, but the clinical benefit is still 
unknown, which is now routinely performed in most 
European countries 2.5295 


Leukocyte Reduction 


Two prospective multicenter observational study regarding 
anemia and the risks associated with transfusions, the ABC 
study (2002) and SOAP study (2008) executed by the same 
principal investigator from Brussels, using the same approach 
for analysis of their study, but found different results. The ABC 
study showed association between more transfusions and 
organ failure and mortality, whereas in the SOAP study, there 
was a higher survival rate in the transfusion group than in the 
other patients. This difference is likely to be due to differences 


in the blood transfusions per se. Heightened awareness . 


of the risks of blood transfusion have led to safer blood 
preparation in terms of viral transmission. Leukodepletion 
has also been widely implemented. In the ABC study, 46% of 
centers indicated that they used leukodepleted blood most 
of the time, whereas in the SOAP study, 76% of centers were 
routinely using the same. Leukodepleted blood is now much 
more commonly used across Europe and this may account 
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for the differences in the 2002 and 2008 studies. Hebert 
etal.5 performed a study comparing patient outcomes before 
and after introduction of routine blood leukodepletion and 
noted reduced inhospital mortality rates. Other studies have 
also shown similar results with transfusion of leukodepleted 
blood.9"9* The risks related to transfusion are proportional to 
amount transfused and the duration of storage of transfused 
RBCs.550?? [n spite of measures ensuring safety during blood 
transfusion, there are certain risks. The Serious Hazards 
of Transfusion in 2014 (SHOT) estimated that direct risk of 
transfusion-associated death was around 4.5 per million 
blood components administered and major morbidity was 
61.9 per million blood components administered. The most 
common cause of death was TACO. 


Misuse of Blood and Blood products 


Blood transfusion has been found to be as one ofthe five most 

overutilized therapeutic procedures in the United States." 

There are instances, when blood and blood components are 

used indiscriminately without paying attention to guidelines 

and without a valid reason for deviation. An observational 

study from ICUs of Landspitali, Iceland during 6 months in 

2010 showed that all adult patients who received blood, the 

mean Hb value before RBC transfusion was 8.7 g/dL, but in 

one-third of cases, it exceeded 10 g/dL.” 

There is also evidence from national audits? of transfusion 

practice that: 

« Some patients are receiving the wrong blood components 

e The choice of blood component is not always based on 
clinical findings and laboratory test values 

e Patients are not always monitored for the adverse effects 
of transfusion and these effects are not always managed 
correctly 

e Some patients are transfused unnecessarily. 

Error prevention during transfusion and decision 
to transfuse is very vital to avoid any mishaps and over- 
transfusion. The impact of clinical decision support at 
computerized physician order entry and effect of education 
on RBC transfusions have been assessed to see for clinical 
patient outcomes.” Electronic patient identification 
systems have been developed, which involve prompting 
staff to carry out key steps in the process and electronically 
identifying the patient via the scanning of the patient’s 
identification bands and blood components to ensure the 
transfusion is given to the intended recipient. Examples of 
such systems are patient identification band, bar code, or 
radiofrequency identification.” 


ii GUIDELINES FOR 
&TRANSFUSIONPRACTICE— .—— 
Following are a number of previous guidelines regarding the 
indications for RBC transfusion: 


e American College of Physicians: Practice strategies for 
elective RBC transfusion?? 


Practice guidelines for blood component therapy: A 

report by the American Society of Anesthesiologists Task 

Force on Blood Component Therapy: — . 

o Red blood cell transfusions not to be dictated by a 
single Hb "trigger" 

o No transfusion when the Hb >10 g/dL and definitely 
to be given when it is «6 g/dL 

Practice guidelines for perioperative blood transfusion 

and adjuvant therapies: an updated report. American 

Society of Anesthesiologists 2006:°° 

o Red blood cells to be administered when Hb «6 g/ 
dL in young and healthy patient, especially in acute 
situations 

o Red blood cells are unnecessary when Hb >10 g/dL 

o With anticipated blood loss—Hb value not important 

o Between 6 g/dL and 10 g/dL—RBC transfusion based 
on ongoing indication of organ ischemia, potential 
or actual ongoing bleeding (rate and magnitude), 
the patient's intravascular volume status, and the 
patient's risk factors for complications of inadequate 
oxygenation 

National Institutes of Health Consensus Conference on 

perioperative RBC transfusion® 

Perioperative blood transfusion for elective surgery— 

a national clinical guideline. Scottish Intercollegiate 

Guidelines Network; initially published in 2001, updated 

in 20041101 

Guidelines for RBC and plasma transfusion for adults and 

children. Report of the Canadian Medical Association 

Expert Working Group, 1997. Recommendations are: 

o Physician prescribing transfusion of RBCs should be 
familiar with the indications, benefits, and risks 

o Documentation to be done in the patient's chart 

o RBCs-administered primarily to treat morbidity due 
to inadequate tissue oxygen delivery (resulting from 
alow RBC mass) 

o Nosingle value of Hb, which requires transfusion— 
correlation with clinical condition needed 

o Red blood cell transfusion—not for intravascular 
volume expansion 

o Anemia should not be treated with RBC transfusions, 
if alternative therapies with fewer potential risks are 
available and appropriate 

Guidelines for Transfusion in the Trauma Patient— 

Standard Operating Procedure for Clinical Care 2006 

Perioperative blood transfusion and blood conservation 

in cardiac surgery: The Society of Thoracic Surgeons and 

The Society of Cardiovascular Anesthesiologists Clinical 

Practice Guideline, 200719 

The American Association of Blood Banks had laid down 

guidelines about Hb threshold and other clinical variables 

to initiate RBC transfusions in hemodynamically stable 

adults and children. Literature search was done from 

1950 to February 2011 and number of patients receiving 

transfusion and the number of RBC units given were 

examined. The adverse effects like mortality, myocardial 
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infarction, cardiac events, pulmonary edema, stroke, 

thromboembolism, renal failure, infection, hemorrhage, 

mental confusion, functional recovery, and length of 
hospital stay were noted. Following recommendations 
were made: 

o Recommendation 1: To adhere to a restrictive 
transfusion strategy (7-8 g/dL) in hospitalized, 
stable patients (Grade: strong recommendation; high 
quality evidence) 

o Recommendation 2: To adhere to a restrictive 
strategy in hospitalized patients with preexisting 
cardiovascular disease and considering transfusion 
for patients with symptoms or an Hb level of 8 g/dL 
or less (Grade: weak recommendation; moderate 
quality evidence) 

o Recommendation 3: No recommendation for or 
against a liberal or restrictive transfusion threshold for 
hospitalized, hemodynamically stable patients with 
the acute coronary syndrome (ACS) (Grade: uncertain 
recommendation; very low quality evidence) 

o Recommendation 4: Transfusion decisions should 
be influenced by symptoms as well as Hb concen- 
tration (Grade: weak recommendation; low-quality 
evidence)? 

The American College of Physicians has developed 

guidelines to treat anemia in adults with heart disease. 

Essentially, itis based on literature from 1947 to July 2012 


~ "with additions done in 2013. The various outcomes, which 


were evaluated for this guideline included mortality; 
hospitalization; exercise tolerance; quality of life; and 
cardiovascular events (defined as myocardial infarction, 
congestive heart failure exacerbation, arrhythmia, or 
cardiac death) and harms, including hypertension, 
venous thromboembolic events, and ischemic cerebro- 
vascular events. One of the recommendations is using 
a restrictive RBC transfusion strategy (trigger Hb 
threshold of 7-8 g/dL compared with higher Hb levels) in 
hospitalized patients with coronary heart disease™ 
Transfusion practice and guidelines in Australian 
and New Zealand intensive care units: The study was 
undertaken to examine the relation between clinical 
practice and national guidelines for the transfusion in 
Australian and New Zealand ICUs. Data from 47 ICUs 
over a 5-week period in 2008 was taken, wherein 757 
patients received RBCs. Bleeding was the main reason for 
administration of RBCs and the mean pretransfusion Hb 
was 7.76 g/dL with only few transfusions deviating from 
the guidelines. Transfusion practice of RBCs in Australian 
and New Zealand ICUs is restrictive and is concordant 
with guidelines! 

Clinical Practice guidelines for RBC transfusion by: 

o The American College of Critical Care Medicine Task 

Force of the Society of Critical Care Medicine 
o ‘The Eastern Association for the Surgery of Trauma 
Practice Management Workgroup 


Recommendations regarding indications for RBC 

transfusion in the general critically ill patient: 

- Hemorrhagic shock 

- Acute hemorrhage and hemodynamic instability 
or inadequate oxygen delivery 

- Restrictive strategy of RBC transfusion (Hb 
«7 g/dL) is as effective as a liberal transfusion 
strategy (Hb «10 g/dL) in critically ill patients 
with hemodynamically stable anemia, except in 
patients with acute myocardial ischemia 

- Hemoglobin level notto be used asa "trigger" for 
transfusion; patient's physiological parameters 
are also decisive. In the absence of acute 
hemorrhage, RBC transfusion should be given as 
single units 

- Consider transfusion if Hb <7 g/dL in critically 
ill patients requiring mechanical ventilation, 
resuscitated critically ill, stable cardiac disease 

- Red blood cell transfusion should not be 
considered as an absolute method to improve 
tissue oxygen consumption in critically ill patients 

- Red blood cell transfusion—beneficial in patients 
with ACS who are anemic (Hb «8 g/dL) on 
hospital admission 

Recommendations regarding RBC transfusion in 

sepsis: 

- There is insufficient data for sepsis patients, 
individual assessment is required. 

Recommendations regarding RBC transfusion in 

patients at risk for or with acute lung injury (ALI) and 

ARDS: 

- ALI and ARDS—common respiratory compli- 
cation, hence avoid RBC transfusion after resus- 
citation is completed 

- Diagnose and report TRALI (transfusion-related 
ALI)—emerging as a leading cause of morbidity 

- Notto be used for weaning 

Recommendations regarding RBC transfusion in 

patients with neurologic injury and diseases: 

- No benefit of liberal policy of transfusion in 
moderate-to-severe traumatic brain injury 

- Subarachnoid hemorrhage—assess individually 
in each patient 

Recommendations regarding RBC transfusion risks: 

- RiskofSIRS and MOF 

- Leukodepletion—may reduce infectious compli- 
cations 

Recommendations regarding alternatives to RBC 

transfusion: 

- Recombinant human erythropoietin 

- Hemoglobin-based oxygen carriers 

Recommendations regarding strategies to reduce 

RBC transfusion: 

- Low volume adult or pediatric blood sampling 
tubes 
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- Intraoperative and postoperative blood salvage 
- Reduction in laboratory testing—reduction in 
phlebotomy volumes 
* ‘Transfusion guideline summary (The National Institute 
for Health and Care Excellence guidelines)—National 
-Clinical Guideline Centre, 2015.9 


Red Blood Cells: Thresholds and Targets 


e Use restrictive RBC transfusion thresholds for patients 
who need RBC transfusions and who do not: 
o Have major hemorrhage 
o Have ACS 
o Need regular blood transfusions for chronic anemia 
e When using a restrictive RBC transfusion threshold, 
consider a threshold of 7 g/dL and an Hb concentration 
target of 7-9 g/dL after transfusion 
e Consider a RBC transfusion threshold of 8 g/dL and an 
Hb concentration target of 8-10 g/dL after transfusion for 
patients with ACS 
e Consider setting individual thresholds and Hb 
concentration targets for each patient who needs regular 
blood transfusions for chronic anemia 
e Consider single-unit RBC transfusions for adults m 
equivalent volumes calculated based on body weight for 
children or adults with low body weight) who do not have 
active bleeding 
e After each single-unit RBC transfusion (or equivalent 
volumes calculated based on body weight for children 
or adults with low body weight), clinically reassess and 
check Hb levels, and give further transfusions, if needed. 
Beyond the clinical assessment, guidelines give a 
template which can be followed and help the physicians 
not to overtransfuse. There has been an approximate 
25% decline in the transfusion of RBCs in England in the 
last 15 years.!9 The RBC transfusion rate declined from 
45.5 units to 36 units per 1,000 people between 1999 and 
2009, and since then lias dropped further to around 31.5 
units per 1,000 people. The proportion of RBCs used 
between 1999 and 2009 in surgical patients has declined 
from 41 to 29% of all red cells transfused, and in medical 
patients has increased from 52% to 64% of all red cells 
transfused. Use in obstetrics and gynecology has remained 
stable at 696." A national audit of blood transfusion in 
2014 showed that the proportion of red cell transfusions 
used in surgical patients continues to decline and was 27% 
of all red cells transfused with a corresponding increase in 
medical patients to 6795.99 


8 STRATEGIES TO MINIMIZE 
4 & TRANSFUSION REQUIREMENTS . 


e Alternatives to blood transfusion for patients having 
surgery: cell salvage and tranexamic acid: 


o Tranexamic acid to adults undergoing surgery 
and expected to have at least moderate blood loss 
(>500 mL) 

o Consider tranexamic acid for children undergoing 
surgery who are expected to have at least moderate 
blood loss (>10% blood volume) 

o Donotroutinely use cell salvage without tranexamic 
acid 

o Consider intraoperative cell salvage with tranexamic 
acid for patients who are expected to lose a very high 
volume of blood (for example, in cardiac and complex 
vascular surgery, major obstetric procedures and 
pelvic reconstruction, and scoliosis surgery) 

e [fbleeding, transfuse aggressively until bleeding controlled 
(avoid hypothermia, acidosis, and coagulopathy) 

e If not bleeding, restrictive strategy in those who can 
tolerate it and more liberal in those that have evidence of 
ischemic end-organ dysfunction 

e Use new, leukodepleted blood, if feasible. 


CONTROVERSIAL ISSUES _ 


IE. 


Although it is clear that most of the studies support that. 


restrictive RBC transfusion practices appear safe, but 
patients with ACSs, traumatic brain injury, and at risk for 
brain or spinal cord ischemia were not well represented. 
PubMed-cited studies (between 1974 and 2013) lack quality 
data regarding the same. Hence, the optimal Hb in such 


patients and in anemic patients with ongoing hemorrhage, 


with risk of significant bleeding, remains unknown. While 
clinical guidelines are important, two common adverse 
consequences of such recommendations are that they are 
often misapplied to patient populations outside of those 
intended, and secondly, there is misinterpretation of the 
policy itself. Physicians need to be encouraged to treat the 
patient and not the Hb level.!9? 


& CONCLUSION. 


Anemia decreases the oxygen delivery to the tissues, hence 
the need of transfusion arises, but it is yet to be established 
whether doing so improves the clinical condition of the 
patient or not. There is ample of evidence that a restrictive 
policy of Hb 7-8 g/dL should be kept for transfusion. This Hb 
threshold will definitely decrease unnecessary transfusion, 
thusavoidingthe harmful effects ofblood transfusion. Clinical 
judgmentis more important and not just treating values. Even 
in septic shock, Hb has to be maintained >7 g/dL. If patient 
is symptomatic, e.g., angina or is hemodynamically unstable 
then transfusion threshold should be at <10 g/dL. Patients of 
trauma or ongoing bleeding cannot be managed using Hb 
thresholds. Hospital’s own transfusion guidelines may be 
helpful in transfusion practices and reducing unnecessary 
transfusions, but they cannot overshadow clinical judgment. 
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4 INTRODUCTION 
Advances in the management of the critically ill have 
resulted in an increase in the number of post-intensive 
care unit (ICU) survivors. Many of these patients are at 
risk of developing impairment in various domains such 
as physical function, mental health, and cognition, which 
can be severe enough to impair their quality-of-life. The 
family members of these individuals are also likely to suffer 
from some of these psychosocial issues. While this may be 
a transient phenomenon in a few, it may be long lasting 
and sometimes even permanent in others. Awareness of 
these challenges is essential for the critical care provider in 
order to perform an early assessment, to promptly identify 
and mitigate the risk factors, to document predischarge 
functional status, to educate the patient, family and the 
post-ICU care providers, and more importantly to develop 
an appropriate patient centered discharge and follow-up 
plan for better long-term outcomes. 


3$ DEFINITION 

The Task force of the Society of Critical Care Medicine 
(SCCM) defines post-ICU care syndrome (PICS) as a new 
onset dysfunction or worsening function persisting beyond 
acute care hospitalization. This may involve one or more 
of the three domains, namely, cognition, psychiatric, and 
physical function. This term applies to ICU survivors (PICS) 
as well as to their families (PICS-F).! The term PICS-F denotes 
the effect of critical illness on the psychological health of 
the patient's family members. Most of these manifestations 
can be identified immediately after ICU/hospital discharge. 
However, the exact time of onset to define PICS after critical 
illness has not been established. 


4 EPIDEMIOLOGY — 


Among the estimated 5.7 million annual ICU admissions 
in the United States, 4.8 million survive and more than half 


of the patients develop dysfunction in one of the domains 
of post-ICU syndrome. There is wide variability in the 
incidence of cognitive impairment reported among the ICU 
patients. This variability is due to the difference in the study 
population, admission diagnosis and the assessment tool 
used, The studies, which used a questionnaire or screening- 
based assessment, reported 10% patients to have cognitive 
impairment whereas the studies that used standard neuro- 
psychological testing noted 45-8075? The incidence is 
higher among patients recovering from acute respiratory 
distress syndřóřnë (ARDS). The brain ICU study reported a 
6% incidence of cognitive impairment at discharge, 40% had 
impairment similar to moderate traumatic brain injury at 
3 months and 26% had impairment similar to mild dementia. 
The deficits persisted at 12 months in most of the patiens. 

The prevalence of post-traumatic stress disorder (PTSD) 
also differed among different studies (5-64%) based on the 
timing of evaluation, the population that was studied and the 
assessment methods. The existing data indicate that PTSD 
is relatively common among ICU survivors and symptoms 
persist for many months after recovery from critical illness. 

The median prevalence of clinically significant depressive 
symptoms post-ICU discharge was 22% whereas the point _ 
prevalence 2 months post-ICU discharge was 33%. Also, there 
is significant decrease in depressive symptoms during the 
first 2-12 months post-ICU discharge.* 

The incidence of ICU-acquired weakness is 26-65% after 
5-7 days of mechanical ventilation and it persisted in >25% 
after 7 days. It occurs in. 67% of patients having long-term 
ventilation (>10 days). The incidence is higher among ARDS 
patients and it persisted in 36% of the patients at the time of 
discharge. 


,ETIOLOGY AND RISK FACTORS — 


The neurocognitive affliction and recovery of ICU survivors 
depends on a multitude of factors including age, prior 
neurocognitive function, genetic factors, comorbidities, 
nature of critical illness, secondary insults and so on. Among 
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the nonmodifiable risk factors, a female gender and younger 
age appear to influence the development of PTSD. One of 
the major modifiable risk factors, which can significantly 
worsen cognitive function, is ICU delirium apart from 
memories of “horrible delusions’ recall of actual painful 
physical experience and traumatic procedures during ICU 
stay. Lack of ICU sedation policy and more interestingly, 
the use of benzodiazepines (especially, cumulative dose), 
neuromuscular blockers and modulators of adrenal axis are 
associated with an increased risk for cognitive dysfunction. 
Patients with coexisting psychiatric morbidity including 
anxiety, depression and PTSD, or those presenting with 
traumatic brain injury understandably have a higher 
incidence of post-ICU cognitive dysfunction. The presence 
of some of the common comorbidities such as hypertension, 
atrial fibrillation, cerebral, and coronary vascular disease 
has also been shown to contribute to cognitive dysfunction. 
Needless to say, the secondary insults incurred during ICU 
stay, viz., hypoxia, hypoglycemia, ARDS, and severe sepsis 
can also pave way for cognitive dysfunction as a sequel to 
neuronal injury. Severity of illness and length-of-stay in 
hospital are not shown to be associated with an increased 
risk for PTSD? 

The occurrence of post-ICU anxiety/depressive illness 
appears to be influenced by the pre-ICU physical and 
psychopathic functional status, poor recall of ICU events, 
memories of nightmares and fearfulness in ICU, depressive 
symptoms at hospital discharge, post-ICU PTSD, nonspecific 
anxiety symptoms, and post-ICU physical function. Other 
factors such as age, sex, admission diagnosis, severity of 
illness, length-of-stay in ICU, and ICU sedation have not been 
shown to consistently correlate with significant post-ICU 
depressive symptoms.° 

As for post-ICU weakness, this is usually from critical 
illness myopathy, neuropathy, or both. The risk factors 
associated with physical decompensation in the post-ICU 
period additionally include old age, ARDS, duration of 
mechanical ventilation, sepsis, glucose dysregulation during 
ICU stay, steroid therapy, and usage of neuromuscular- 
blocking agents. Patients recovering from critical illness also 
have a high incidence of malnutrition, which can further 
impair physical function. Critical illness-associated peri- 
pheral nerve palsies, and sensory disturbances, dysphagia, 
change in taste, stiff frozen joints, pressure sores, scars from 
central lines and other devices, striae from volume overload, 
tracheal stenosis, cosmetic issues, and surgeries performed 
have a profound impact on the physical and mental health.’ 


& PATHOPHYSIOLOGY _ 


The basic pathophysiology for the cognitive and psychological 
impairment is poorly understood. It is highly complex 
and probably multifactorial involving the interaction of 
various systems. The common mechanism for cognitive and 
psychological impairment is injury to specific areas of the 
brain involved in executive functions like hippocampus and 


prefrontal cortex by ischemia, hypoxia, glucose dysregulation, 
inflammation, disruption of blood brain barrier, white matter 
changes, etc.” The involvement of frontal cortex results in 
typical dysexecutive syndrome.® This executive area forms 
the interface between the long-term memory and several 
organs, which coordinate information and execute functions. 
The impairment of physical function may be from any of the 


factors already discussed and their respective mechanisms. 


All the three domains are interdependent and 
impairment in any domain can adversely affect the others. 
There is likely to be a “looping effect"? For example, post- 
ICU depression may result in low motivation with poor 
effort causing psychomotor slowing subsequenily affecting 
cognition. Patients with depression can also refute active 
participation in physical rehabilitation programs. Likewise, 
patients with poor physical function are more prone for 
psychiatric morbidity and ultimately limiting their cognitive 
abilities (Fig. 1). 


à PRESENTATION. 


Patients recovering from critical illness may present with 
dysexecutive syndrome characterized by impairment 
in memory, problem-solving skills, and social decision 
making. There is an inability to form and execute a plan due 
to impaired attention and concentration, likewise there is 
inability to process available information due to impaired 
memory and mental slowing. Increased episodes of absent- 
mindedness and slip of actions are also very prominent. 


Physical 
Pulmonary 
Neuromuscular 
Malnutrition 


Mental Cognition 
Anxiety Excecutive 
Depression Function 
PTSD Impaired memory 
ASD Inattention 
Mental slowing 


ICU, intensive care unit; PTSD, post-traumatic stress disorder; ASD, acute 
stress disorder. 


FIG. 1: Post-intensive care unit syndrome: The diagram shows the 
individual components of each domain affected in post-intensive care 
unit syndrome. The impairment in one domain affects other domain 
exhibiting a looping effect 
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Acute PTSD should be considered if the symptoms 
persist for 1 month after the stressor event, whereas chronic 
PTSD is diagnosed when symptoms persist for >3 months 
after discharge. Another entity called delayed onset PTSD 
can occur, if symptoms start 6 months after the stressor event. 
The usual manifestations of PTSD are intrusive recollections 
(re-experiencing the trauma in flashback, memories, and 
nightmares), avoidant and numbing symptoms (diminished 
emotions and avoidance of situations that remind of the 
experience), and hyperarousal (increased  irritability, 
exaggerated startle reactions, or difficulty sleeping or 
concentrating)? Post-traumatic stress disorder symptoms 
are also often associated with sexual dysfunction. 

The patient with depressive symptoms usually complains 
of extreme fatigue, sense of hopelessness, loss of interest, 
insomnia, and poor appetite. Common symptoms of anxiety 
include restlessness, irritability and sleeplessness. 

Patients suffering from ICU-acquired weakness may 
present with nonspecific muscle weakness (varying degrees 
of tetraparesis or quadriparesis), loss of muscle mass, and/ 
or sensory disturbances. The physical impairments are also 
complicated by development of contractures in major joints 
especially in knees, ankles and elbows. In patients recovering 
from ARDS and on prolonged ventilatory support, lung 
functions are also impaired as manifested by a decreased 
diffusing capacity of the lungs and reduced lung volumes. 
Sexual dysfunction secondary to underlying lack of desire, 
impotence, neuromuscular weakness, - and 
cardiopulmonary function has been reported to occur in 44% 
of the patients.!° 


a EVALUATION. 


A high index of suspicion is essential for the diagnosis of 
PICS. All survivors of critical illness should be screened for 
the signs and symptoms of PICS. 


Timing 


Baseline assessment of all the three domains should be done 
at the time of ICU discharge and discharge from hospital. 
This should be repeated 3-6 months after hospital discharge 
to allow for recovery of transient impairments. From then on, 
the assessments need to be repeated at regular intervals as 
warranted according to the clinical situation of the patient.!! 

Evaluation of the cognitive domain in this patient group is 
likely to be challenging. These tests should be highly sensitive 
and have to be simple enough to be completed in less time. 
Factors to be considered for selecting an appropriate test are 
length of administration time, sensitivity, reliability, floor 
and ceiling effects, alternate parallel forms, and availability 
of normative data. The commonly used screening tests are 
Mini-Mental state examination, the Mini-Cog test, and 


impaired : 


Montreal cognitive assessment scale. Among these tests, 
the Mini-Cog test is simple and takes less time to complete. 
The Montreal cognitive assessment scale is highly sensitive 
and predominantly tests executive functions. There are also 
tests available for assessing individual domains of cognitive 
function. For example, Wisconsin card sorting test measures 
the executive function whereas Block design measures the 
visual spatial construction. However, none of these tests are 
validated in ICU patients.!! 

To diagnose cognitive decline, we need to have 
information on the baseline neuropsychological condition 
of the patient, which needs to be assessed prior to ICU 
admission. It has been demonstrated that adult children 
and spouse are highly reliable observers and can detect even 
subtle changes in the neurocognition of their loved ones. To 
diagnose the preadmission baseline neurocognitive status, 
informant-based questionnaires are mostly used such as 
informant questionnaire on cognitive decline in the Elderly 
and the Modified Blessed Dementia-rating Scale.’ 

Post-traumatic stress disorder diagnosis should be 
based on a combination of self-reported inventories and 
standardized clinical interview. The common self-reported 
inventories used to assess symptomatology of PTSD are 
modified post-traumatic stress syndrome 10 questions 
inventory (PTSS-10), impact of event scale revised (IES-R), 
and Davidson trauma scale. The structured clinical interview 
for DSM-IV (SCID) and the clinician-administered PTSD scale 
(CAPS) are some of the standardized clinical interview-based 
diagnostic tools available for accurate diagnosis for PTSD.* 

Depressive symptoms are measured by structured 
clinical interview for DSM-IV, which is a structured 
psychiatric diagnostic interview conducted by a clinician. 
Other commonly used tools are Beck Depression Inventory 
II, the Hospital Anxiety and Depression scale, the Centre 
for Epidemiological Studies depression scale, and Geriatric 
Depression rating scale—short form. 

Similarly, the Beck anxiety inventory, Hospital Anxiety 
and Depression scale, and Zung's anxiety tool are commonly 
used to assess anxiety symptoms in post-ICU survivors.!^-5 

The assessment for physical health should be done 
while the patient is in the ICU by trained personnel 
(physiotherapist) to identify the ones at risk of developing 
ICU-acquired weakness. It should also be evaluated at the 
time of discharge and at frequent intervals postdischarge 
in the follow-up/rehabilitation clinic. For those suspected 
to have ICU-acquired weakness, formal assessments with 
nerve conduction study and electromyography should be 
done.!* [n patients recovering from ARDS and on prolonged 
mechanical ventilation, pulmonary function test should be 
done when feasible to determine the residual lung function 
in the post-ICU period and to track improvement. Exercise 
tolerance should be assessed with standard 6-minute walk 
test and handgrip dynamometer!” (Table 1). 
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Commonly used assessment tools for the diagnosis 


TABLE 1 of post-intensive care unit syndrome 


| Assessment tool 


Domains, 


Mini-Mental state examination 

! « Mini-Cog test 

-Montreal cognitive assessment scale 

Informant questionnaire on cognitive decline in 
; the elderly 

. * The Modified Blessed Démentiacteting scale 


Cognition 


Modified post: traumatic stress syndrome 10 i 
questions inventory (PTSS-10) 

Impact of event scale revised (IES-R) 
Davidson trauma scale 

: e The Structured Clinical Interview for DSM-V 

; (CD) 

æ The Clinician -Administered PTSD Scale (CAPS). 


‘traumatic — | 
| Stress je 
disorder — ', 


Beck anxiety inventory 
Hospital Anxiety and Depression Scale 
Zunig' 5 anxiety tool 


Structured clinical interview (for. DSM- "m 
i : * Beck depression inventory II 

| e The Hospital Anxiety and Depression scale 
i 

i 

T 


| Depression 


| e Center for Epidemiological Studies depression | 
| scale i 
L Geriatric Depression rating s scale—short form | 


| Physical | * Pulmonary function test 
: : e 6-minute walk test 
ie Hand grip dynamometer 


DSM- IV, diagnostic and statistical manual of mental disorders—4th edition; 
PTSD, post-traumatic stress disorder. 


i PREVENTION AND TREATMENT 
Post-ICU syndrome usually has a prolonged course and may 
often be permanent making it prudent-to adopt whatever 
preventive strategies feasible. The most discussed strategy 
is to minimize sedation and promote early mobilization. 
An ABCDEFGH bundle approach is recommended in 
mechanically ventilated patients to prevent PICS! (Box 1). 
The impact of light sedation, daily sedation interruptions, 
and spontaneous-breathing trials in improving outcomes 
has been proven beyond doubt. Limiting the dose of 


Box 1: ABCDEFGH bundle approach 

e Awakening with Breathing Coordination with daily interruption 
of sedation and SBT 

e Delirium monitoring and management 

e Early ambulation in ICU 

e Functional reconciliation 

e Good handoff communication 

Hand-written family information 


ICU, intensive care unit; SBT, spontaneous breathing trial 


_sedation and avoidance of benzodiazepines reduces the risk 


of delirium in ICU patients. Intensive care unit delirium is 
the major risk factor for neurocognitive impairment and is 
hence essential to systematically monitor for delirium with 


‘Confusion Assessment Method for the ICU (CAM-ICU) 
-score. Delirium risk can be mitigated with “STOP, THINK, 


MEDICATE" strategy. It includes stopping sedation and 
other medication, which can contribute to delirium and to 
correct risk factors for delirium including toxic conditions, 


“hypoxemia, infection, and electrolyte imbalances, to mention 


a few. Nonpharmacological interventions like providing 
hearing aids, goggles as required, reorienting frequently, 
sleep protocols, music, noise control, and early ambulation 
can reduce the incidence of delirium as well. Medication 
such as atypical antipsychotics and dexmedetomidine can be 
used, where appropriate, to mitigate symptoms of delirium. 

Intensive care unit-based early mobility program, in 
addition, has been shown to improve the recovery from 
functional impairment, which is usually slow to resolve 
and poorly responding to rehabilitation programs rendered 
postdischarge. Involving the rehabilitation services and 
including a physiotherapist early during ICU stay could 
promote the development of a plan for early and safe 
mobility, which can improve physical abilities and limit loss 
offunction and disability that otherwise occur in the critically 
ill.!? 

Functional reconciliation involves systematic assessment 
of the functional status of the patient and comparing their 
current status with prehospitalization functional status. This 
will enable in identifying the patient at risk of developing 
PICS and to initiate appropriate interventions aimed at 
limiting disability.! 

It is imperative to have good communication among the 
various members of the team involved in patient care. The 
detailed postdischarge plan including medical, physical and 
cognitive rehabilitation therapy should be discussed among 
all the team members and it should be clearly communicated 
during transition of care to the subsequent caring team in 
order to maintain continuum of care. The follow-up team 
providing postdischarge care is often unaware of issues 
pertaining to the period of critical illness and it becomes 
necessary to educate them regarding the same and the 
likelihood of a PICS. 

Survivors of critical illness are usually discharged 
without a formal briefing/training regarding their illness and 
postdischarge requirements. Neither are the family members 
informed of the events that are likely to follow and the 
strategies to cope up with and manage these issues. Hence, 
the critical care survivor and the family members should be 
provided formal information regarding post-ICU discharge 
course including the possibility of a physical, cognitive, 
and mental impairment and its outcomes. Educating the 
family members and the patients, starting from ICU stay 
to postdischarge, with various modalities like printed 
educational materials and videos has consistently shown to 
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reduce the level of anxiety and PTSD among patients and 
their family.?? 


Intensive Care Unit Diaries 


An ICU survivor's mental health depends on the memories of 
not only the actual events that occurred during ICU stay but 
also his delusions. Intensive care unit diaries are documents 
of the real experience of ICU events written by whoever 
visits the patient (nurse, doctor, physiotherapist, family 
members or other ancillary service providers) mentioning 
their interaction with the patient during ICU stay?! This 
is to be transferred along with the ICU patient and the 
documentation is to be continued. Such diaries will help 
the patient overcome factual memories and misconceptions 
developed during ICU stay. It helps the patient to make sense 
of his experience in the ICU. It is a low-cost strategy shown to 
improve the quality-of-life after discharge? It also helps as a 
source of inspiration for the patients and their families and 
helps them to cope with difficult circumstances in the ICU. 


Post-intensive Care Unit Clinic 


Post-ICU clinics are helpful in identifying the special needs 
of the critical care survivors and help in their rehabilitation. 
It is aimed to provide the survivors with the information 
needed and the expected course of recovery. It involves a 
multidisciplinary team approach including a critical care 
physician, registered nurse, social worker, physical therapist, 
psychometrician, psychologist, psychiatrist, and clinical 
dietician. There are various models available for providing 
post-ICU follow-up clinics. The most comprehensive model 
for post-ICU clinic was formulated by British National 
Institute for Clinical Excellence. These clinics are meant 
to address the neurocognitive and psychological sequel in 
addition to performing routine disease-specific follow-up. 
Existing data show a trend to improvement in PICS when 
patients were followed up at a post-ICU clinic; however, this 
did not translate to improved quality-of-life.” 


Peer Support Group 


The survivors and their care givers have the best experience 
of the challenges faced during recovery. They are best placed 
to educate and prepare other survivors for recovery. Peer 
support group is a process of providing empathy, advice, and 
sharing stories between ICU survivors and their care givers, 
which is expected to promote mental reframing, information 
sharing, effective modeling, and also to provide practical 
advice that is not routinely available from healthcare 
providers. The participation should be voluntary and with 
mutual respect. The clinician's role is to arrange a suitable 
place and time convenient to all. Engaging fecilitators to 
moderate the meeting may improve the outcomes of such a 
meeting? 


Cognitive Therapy 


Cognitive therapy, aimed at training the patient to identify 
and correct distorted beliefs and behavioral therapy involving 
thought exercises and real experiences, has been shown to 
improve executive function.” However, the efficacy of early 
cognitive therapy to prevent PICS is not known. 


': OUTCOME 


The symptoms of the components of PICS improve gradually 
over6 monthsto 1 year postdischarge. However, many patients 
can persist to have varying deficits for years, impairing their 
quality-of-life. Cognitive impairment, anxiety, PTSD, and 
depression are shown to persist for years postdischarge. The 
effects of these impairments in terms of rehospitalization, 
mortality and recurrence of PICS are not known. 

Health-related quality-of-life is a global outcome measure 
found most appropriate for ICU survivors and care givers. It 
is profoundly influenced by age, premorbid health status, 
and expectation to return to premorbid functional status. 
Low scores are noted in patients post-ARDS, mechanical 
ventilation, sepsis, trauma, and malignancy.’ 

The risk of rehospitalization is high among survivors of 
critical illness. Twenty five percent ofthe patients are at risk of 
readmission to hospital within the first month postdischarge. 
The factors associated are severity of illness, malignancy, 
and patients discharged to skilled care facility. Mortality rate 
is high in the initial 3-6 months from ICU admission and is 
related to the severity of illness, new impairments, and new 
or worsening organ dysfunction. 


$i POST-INTENSIVE CARE 
& UNIT SYNDROME FAMILY — 


The family members of the critically ill patients are also at 
a profound risk for psychological dysfunction. The usual 
manifestations of PICS-F are anxiety, depression, major 
stress disorder, PTSD, and complicated grief. The median 
prevalence derived from various studies for clinically 
significant PTSD, anxiety, and depression among the family 
members are 35%, 43%, and 22%, respectively.” 

The risk factors for PICS-F are young age, absence of 
chronic disease, severity of illness and death (patient related), 
female gender, young relative, lower educational level, prior 
history of psychiatric illness, spouse, decision maker (family 
related) and communication by the critical care team, and 
absence of waiting room (care process related). 

Post-ICU syndrome—family is frequently diagnosed by 
self-reported questionnaires. Post-traumatic stress disorder 
is frequently assessed by the Impact of Event Scale whereas 
anxiety and depression is assessed by Hospital Anxiety and 
Depression Index. None of these tools have been validated. 

Various strategies have been tried and studied to reduce 
the psychological burden of the family of the critically ill 
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patient. Proactive and effective communication helps the 
family to anticipate and prepare themselves for the possible 
events in the ICU. Providing information in various formats 
(printed materials and videos) has been shown to be effective 
in aiding the family to participate in treatment decisions. 
Conducting frequent nurse-physician meeting with the 
family providing separate room for counseling, proper 
waiting room for the family and having a flexible visiting time 
have all been shown to reduce the anxiety and psychological 
stress of the family. Involving a nurse family-care specialist 


further improved the psychological status of the relative 


by establishing liaison between the critical care team and 


‘the relatives. Making family members participate in care of 


the patient (facilitated sense making) also makes better the 
decision-inaking process for the family and prepares them 
for future care-giving role.? 

Post-ICU discharge strategies like family debriefing visits 
and post-ICU family follow-up clinics may additionally be 
helpful in reducing the psychological burden of patients after 
discharge. However, the existing studies have not shown 
such strategies to reduce the risk of depression among family 
members. 


Bj CONCLUSION 


Post-ICU syndrome is a symptom complex being increasingly 
identified in survivors of critical illness. The indivi- 
dual components, namely, neurocegnitive dysfunction, 
psychiatric illness, and physical limitation including organ 
systems and sexual dysfunction have been shown to have a 
tremendous impact on quality-of-life of patients posthospital 
discharge. A lot remains to be understood about the 
complex etiopathogenesis of this rather intimidating long- 
term complication of acute illness and therefore its care. 
While several tools are available for early assessment and 
identification of this problem, none have been validated or 
proven to have an impact on outcomes. Following evidence- 
based standard operating procedures having a high index 
of suspicion for likely PICS and advance planning for the 
rehabilitative period seem to be favorable strategies in 
ameliorating the severity of PICS. Needless to say, a complete 
understanding of all risk factors involved is mandatory and 
the development of a PICS-oriented "bundle" approach 
would be a more welcome measure. A more sympathetic 
approach to the family of the critically ill additionally seems 
to be of paramount importance in not only making better 
the care of patients but also in preventing PICS-E. The role of 
post-ICU follow-up clinics is being better appreciated of late 
as an important means of providing an all-round care for the 
post-ICU patients with special requirements, which are better 
understood by the critical care team. . 
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End-of-life Care of Intensive Care Units 
in Asia: Ethical Aspect 


Younsuck Koh 


B INTRODUCTION 


We, as intensivists, know how patients die in our hospital. 
Ironically, we frequently do not know well how our patients 
wish to die, It is relatively easy for intensivists to provide 
more treatment than to know when to stop in a critically ill 
patient. End-of-life (EOL) care is a medical care provided 
in final period of a person's life usually requiring decisions 
on withholding and/or withdrawal of life-sustaining 
therapy (LST). Maintaining unresponsive intensive care 


but prolonging dying process leads to patients' and their- 


families' unbearable suffering and financial burden. A study 
revealed that many patients, who died under mechanical 
ventilation support were receiving unwanted painful LST.! 
As painful EOL experience for a loved one remains in his 
or her relatives’ memory, the EOL care should be carefully 
prepared in advance and performed well in intensive 
care units (ICUs). As we are moving rapidly towards aged 
society, appropriate comfort care for terminally ill patients 
becomes a sensitive and urgent issue in Asia. Fair resource 
allocation under limited medical resources is another 
hidden big issue of EOL care in Asia. This article aims to 
review current status and to discuss relevant ethical issues 
of EOL cares in Asian countries. 


H SHIFTING FROM CURE TO COMFORT CARE _ 


When there are no reasonable treatments beneficial to 
critically ill patients, physicians should change the aim of 
management from cure to comfort care. Comfort care aims to 
relieve unnecessary suffering and humane care for patients 
and their families. Do-not-resuscitate (DNR) order at cardiac 
arrest or do-not-intubate is a typical example of comfort 
care. Ethical and emotional problems can arise when a 
caregiver judges withhold or withdraw certain care to be 
without medical and ethical certainty. It sometimes brings a 
futility debate between patient's family and caregivers when 


the family insists to continue or discontinue intensive cares 
against caregivers advice. Futility is a value-laden term, 
which has been frequently used in medical societies. It would 
be better to avoid saying “futile” in EOL care discussions 
at a patient bedside, because there is no consensus on the 
definition of futility.2 A practice policy of EOL care issued 
by the Indian Society of Critical Care Medicine provides a 
guideline to recognize medical futility (Box 1)? Moreover, 
the guideline also recommended that these medical futility 
points should not be used in isolation without considering 


underlying medical context of the patient? Instead, it would ~- 


be better to use a descriptive term such as “unresponsive”. 
The common difficulty in timely shifting from cure to 
palliative care is the unpreparedness for a death in both 
the patient’s family and caregivers. Very few patients 
have advance directives (AD) or clear decision for their 


Box 1: Recognizing medical futility? 
Advanced age coupled with poor functional state due to one or 
more chronic debilitating organ dysfunction. For example, end 
stage pulmonary, cardiac, renal, or hepatic disease for which the 
patient has received/declined standard medical/surgical options 
Severe refractory illnesses with organ dysfunctions unresponsive 
to a reasonable period of aggressive treatment 
Coma (in the absence of brain death) due to acute catastrophic 
causes with nonreversible consequences such as traumatic brain 
injury, intracranial bleeding, or extensive infarction 
Chronic severe neurological conditions with advanced cognitive 
and/or functional impairment with little or no prospects for 
improvement. For example, advanced dementia, quadriplegia, or 
chronic vegetative state 
Progressive metastatic cancer where treatment options have 
failed 
Post cardiorespiratory arrest with prolonged poor neurological 
status 
Any other comperable clinical situations coupled with a physician 
prediction of low probability of survival 
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EOL cares when admitted to ICUs. Advance directives are 
statements expressed by competent individuals for their 
medical preferences in the event of becoming incapacitated. 
Advance directives have a binding force in EOL care 
practice by an explicit expression of patient's autonomy. As 
patient's preference can change over time, physician should 
reconfirm the AD of a patient when a relevant medical 
situation arises. 

Physicians should play a central role to forgo treatments 
that are not beneficial to a patient. However, physicians are 
not allowed to make unilateral decision on EOL care in most 
countries. Current medical ethics and legal requirements 
ask physicians to make a shared decision respecting patient 
autonomy. In current medical ethics, respect for patient 
autonomy is considered as the utmost value. Limiting LST 
can be justified under the principle of autonomy. 


HOW IS IT DIFFERENT IN 
ASIAN INTENSIVE CARE UNITS? — — 


The difficulty to make an EOL care decision relies on diverse 
situations and factors associated with individual patients. 
Multiple factors related to country or region, including 
economic, cultural, religious, and legal differences, as 
well as personal attitudes, were associated with different 
EOL care level in Asian ICUs. We conducted intensive care 
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physicians’ perception of EOL care in 466 ICUs of 16 Asian 
countries/regions. About 1,465 physicians, who manage 
patients in ICUs, participated in the survey. As expected, 
there was a huge diversity of doctors’ views on EOL care 
across Asia. For patients with no real chance of recovering a 
meaningful life, 1,029 respondents (70.2%) reported almost 
always/often withholding, while 303 (20.7%) reported 
almost always/often withdrawing life-sustaining treatments. 
The majority of respondents reported that mechanical 
ventilation, vasopressors, hemodialysis, and antibiotics 
could usually be withheld or withdrawn in EOL care, but not 
enteral feeding, intravenous fluids, and oral suctioning. In a 
hypothetical setting of hypoxic-ischemic encephalopathy, 
the corresponding range to implement DNR order was 48.4- 
100% among the respondents. For severe hypoxic-ischemic 
encephalopathy post cardiac arrest, 1,201 respondents would 
implement DNR orders, but 788 would maintain mechanical 
ventilation and start antibiotics and vasopressors if required. 
These proportions varied widely among Asian ICUs (Fig. 1), 
and physicians in Asian ICUs seemed to be less likely to limit 
life-sustaining treatments at the end of life than Western 
physicians in a similar survey.® Refusal to implement DNR 
order was independently associated with physicians who did 
not value families’ or surrogates’ request, were uncomfortable 
discussing EOL, perceived greater legal risk, and in low-to 
middle-income economies.° 
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FIG. 1: Proportion of respondents by country who strongly agreed or agreed that mechanical ventilation can usually be 
withheld or withdrawn as part of limitation of fife-sustaining therapy in end-of-life care. 
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€ MAJOR ISSUES IN END-OF-LIFE CARE - 
Surrogate Decision Power 


Patients wantto know their status and prognosis. The patients’ 
right to refuse unwanted medical intervention is well- 
established in Asia? Surrogate decision-making occurs when 
a patient does not provide direct input into a clinical decision. 
Familial input is strongly influential in Asian countries. 
However, it is unclear how to respect patient's family 
members' request to EOL care. If there were a healthcare 
proxy designated by the patient, the decision-making process 
could be done with the healthcare proxy. When no individual 
has been specifically designated, a predefined legal hierarchy 
in law for choosing a designated surrogated is an alternative. 
Physicians should be careful not to let surrogates to feel 
solely responsible for the withholding/withdrawal decision 
by merely providing treatments alternatives. Physician 
should identify clinically reasonable options and elicit the 
surrogate's sense of decision-making burden. 


Ethical Differences between Withholding and 
Withdrawal of Life-sustaining Therapy 

Most professional organizations have considered withholding 
and withdrawal of LST ethically equivalent, although there 
is a big difference between killing and allowing to die.* In 
our previous study, 1,092 respondents (74.5%) amiong 1,465 
physicians deemed withholding and withdrawal ethically 
different? (Fig. 2). In another survey with speakers of an 
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International Intensive Care Congress in 2013, 16 among 20 
respondents thought the withholding and withdrawal of LST 
ethically same.’ Allowing withdrawal of LST is considered an 
allowance to die by the underlying disease rather than the 
cause of the patient's death.* In many cases of withholding 
LST, physicians frequently withhold information about 
treatments considered not beneficial to offer. No countries 
allow physicians' assisted dying in Asia. Physicians should 
not engage in physician-assisted suicide and euthanasia 
because this disrupts their endorsed role from their societies 
to heal and relieve the suffering of their patients. 


Financial Burden 


Although who pays a medical bill issue should not be a 
major barrier to make EOL care decisions from ethical point 
of view, financial burden seems to be one of key factors to 
influence an individual EOL care decision in Asia. Significant 
differences in ICU physicians' perceptions of various forms of 
life-sustaining treatments, the role of families and surrogates, 
legal risks, and financial considerations exist between low- 
and high-income Asian countries? Implementation of DNR 
for a patient with hypoxic-ischemic encephalopathy in a 
case scenario were less likely when out-of-pocket healthcare 
expenditure increased in Asian ICUs5 Nonetheless, 
physicians from low-middle income countries were more 
likely to accede to families’ requests to withdraw LST in a 
patient with an otherwise reasonable chance of survival on 
financial grounds in a case scenario? Pressure on family 
members to pay medical bills can frequently create an ethical 
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FIG, 2: Proportion of respondents by country who would maintain mechanical ventilation and start antibiotics and vasopressors 
for the patient with hypoxic-ischemic encephalopathy in the event of pneumonia with septic shock in case one? 
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dilemma of physicians in low-middle income countries. 
Conflict between caregivers and family members over the 
level and nature of EOL care is often apparent when there is 
underlying financial burden. 


Religious and Legal Issue 


Physician's religion seems to affect EOL care. In our previous 
study, nonimplementation of DNR for terminally ill patients 
was less likely with physicians of Protestant and Catholic 
faiths.’ Families’ religious belief also can influence EOL 
decisions of their patient. Legal concern related to the 
withholding/withdrawal-of LST is also not well-addressed 
in most Asian countries. In many Asian countries, there 
are no formal laws recognizing ADs authority. Lack of clear 
legal guideline of EOL care in most Asian countries has been 
perceived as a major barrier to perform proper EOL care in 
Asia.” Attending doctors should be careful not to violate legal 
guideline when to perform EOL care in their societies. Legal 
framework for LST decision has been highlighted whenever 
there is an exemplified law suit case drawing a hot debate in 
a society. 


A Guideline for End-of-life Care 


Wide variation in EOL care practices in Asia warrants 
consensus on the major relevant ethical principles. The 
relevant major ethical issues include informed consent, proxy 
power, shared decision-making process, respect for patient's 
autonomy, withholding and withdrawal of unresponsive 
LST, palliative care, and legal requirements. Although it is 
a sensitive matter to discuss freely in Asian countries, fair 
medical resource allocation is a big ethical issue in EOL care. 
End-of-life care has beer reported to comprise a substantial 
portion of medical expense. It was over one-fourth of 
Medicare expenditures going to persons in their last year 
of life for elderly and has not been changed much despite 
changesinthe delivery of medical care over the last decades in 
United States? The portion of EOL care in a national medical 
expenditure can be increased with the technological advance 
in sustaining life. However, it is difficult to reach social 
consensus to reduce avoidable medical expense related with 
prolonged EOL care practices. The wide variation in EOL care 
between critical care practitioners even in a same country 
requires policies for the EOL cares. However, any guideline 
to enhance EOL care in Asian ICUs may not be generalized 
across Asian ICUs. Instead, stepwise efforts to meet the 
encountered needs for better EOL cares should be pursued 
considering individual societies situations. The policies on 
EOL care should be clearly documented when prepared, and 
try to reach aconsensus among medical societies, lay publics, 
and healthcare policy makers to be functionally operable in 
a society. 


i HOW TO APPROACH: ADVANCE CARE 

< PLANNING THROUGH SHARED MEDICAL 

; DECISION-MAKING 

It is not usual and not easy to discuss EOL care with critically 


ill patients in advance in Asian ICUs. The ADs or medical 
orders for life-sustaining therapy (MOLST) is not a prevalent 


way to perform the EOL care in Asia. Patients and their 
~families do not like to discuss about death in the early stages 


of intensive care. Hospital ethic. committees do not seem 
to function well to cope with encountered EOL care issues 
at patient's bedside in most Asian countries. Under these 
barriers to appropriate FOL care decision-making, patient 
beneficence and autonomy may not have been carefully 
considered. In fact, discussions regarding patient preferences 
for resuscitation are frequently delayed leading to neglect of a 
patient's autonomy. 

To overcome these barriers, role of attending physician is 
really significant. Identification of patients, who needashifting 
critical care goal, is the first step of EOL care practices. Then, 
critical care management team should try to understand their 
patients’ preference on EOL care through a communication 
with patients and their families. Information on a patient's 
preference can be exchanged through communications via 
speaking, writing, or using some other medium. Respect to 
counterpart is crucial to reach a consensus during an EOL 
care communication. Before communicating with patients 
and their relatives, consensus on advance care planning of 
LST should be made between all relevant caregivers through 
careful assessment of patient's clinical condition. 

Ifthere is uncertainty as to a patient's wishes, the manage- 
mentteam should make a judgment to use measures that will 
neither prolong the patient's suffering nor unnaturally hasten 
the patients death through an established algorithmic 
approach (Flowchart 1). A consensus guideline on EOL care 
endorsed by medical societies could be helpful to make a 
medical decision. Either overly burdensome by a prolonged 
LST or to loose a recovery opportunity is not in patient's 
best interests. End-of-life care is a major ethical burden 
also to critical care nurses. We found the ethical burden 
experienced by critical care nurses can be relieved by an on- 
site ethical consultation by a senior critical care physician.!? 


ij HOW TO EDUCATE 
CAREGIVERS AND COMMUNITY? — 


Huge cultural differences in views on EOL cares between 
low-, middle-, and high-income countries were observed 
in Asian intensive care providers. These differences may 
be observed in the lay public between Asian countries. As 
shared decisions through family conferences are crucial for 
meaningful EOL care, education of communication skill 
for caregivers is necessary.!? Sufficient communication 
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* A request to WH/WD 
* Life-sustaining therapy 


Deliberation between patients, proxies, and physicians 


Disagreement Agreement 
Opinion differences Besoin Consultation to another physician Uncertain Unresponsiveness of the treatment 
Irresolvable Disagreement ASSI Agreement 


disagreement 


Transfer to another institution or to 
another attending physician 


Disagreement 


WH, withholding; WD, withdrawal, LST, life-sustaining therapy. 


Hospital ethics committee 


Serious ethical problems reside: 
* Refuse the patient or proxy's request 
* Reassess the patient's condition 

* Request a court order 


WH/WD LST 


FLOWCHART 1: Algorithm for the decision process of withholding and withdrawal of life-sustaining therapy 


with surrogates on EOL cares relieves stress and anxiety in 
family members.'? Better communications can be a good 
opportunity for family members to learn about a death in 
hospital. To enhance comfort care, education for a death 
should be initiated from an elementary school like United 
Kingdom. Medical societies should communicate with lay 
public and healthcare policy makers about how to enhance 
EOL care in our societies. A web based electronic system that 
guides clinicians, patients, and citizens is a way to address 
their inquiries and facilitate the discussions about EOL cares. 
One example is New York electronic MOLST for clinicians 
and patients, which is available statewide and can be access 
in their website (nysemolstregistry.com). 


& CONCLUSION — 


As many deaths occur through discontinuation of LST 
in ICUs, intensivists frequently face a situation to make 
decisions on a discontinuation of LST in a terminally 
ill patient. Lack of preparedness for death in not only 
critically ill patients and their families but also in critical 
caregivers frequently obstructs an optimal EOL care 
delivery. As expected, multiple factors related to country/ 
region, including economic, cultural, religious, and legal 
differences, as well as personal attitudes were associated 
with variations in EOL cares in Asian ICUs. End-of-life care 
should be a planned and integrated care together with 
hospice care keeping personal dignity. Initiatives to improve 
EOL care in Asia must begin with a thorough understanding 
of each country's/region's culture, its physicians’ attitudes, 
the prevailing ethicolegal framework, and healthcare 
funding. These initiatives to overcome financial and caring 
burdens of patients’ families and relevant legal issues are 
urgently needed in most of Asian countries. Cultural change 
in our society about death in a hospital is also needed. The 
physicians should play a key role to enhance EOL care by 


addressing these issues in our society together with medical 
and psychological issues of comfort cares. 
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Principles of Team Science 
in Intensive Care Unit 


T Shyam Sunder, Nisha Tipparaju 


& INTRODUCTION 


Team work is a cooperative or combined effort of a group 
of persons working together as a team for a common goal. 
Intensive care unit (ICU) working environment is very 
demanding and dynamic with small room for errors. This 
highly complex environment is associated with increased 
workload and work pressure on the multidisciplinary team. 
In order to perform comprehensively in a well-coordinated 
manner a team of highly trained and skilled workers are 
needed. Research from both management and medicine 
has consistently advocated effective’ team-based working 
as the optimal work method in healthcare settings. It is the 
team, which functions as a unit of administration in critical 
care and not the physician hence team dynamics do have an 
impact on outcomes. However, having a structured team in a 
critical care unit does not ensure improved outcomes. 

There are three behavioral science concepts that have 
positive effect on the performance of team, psychological 
safety, transactive memory and leadership. These concepts 
when imbibed into daily practice will ensure an enhanced 
care. 


HCONCEPTOFTEAMSCIENCE —— 


Cultivate Psychological Safety 


In health care, like other industries, psychological safety plays 
an important and a crucial role in whether people with varied 
expertise and a huge difference in status—which are ascribed 
to healthcare teams—facilitate or disrupt team effectiveness. 
The term psychological safety refers to whether an individual's 
working environment is conducive to behavioral patterns 
that-encourage the habit of asking questions, to seek help if 
needed, to report voluntarily mistakes done without fear of 
punishment, to raise concerns if something is seen to be not 
right without fear of repercussion and offering suggestions.! 
The reason being that some individuals may perceive that 


engaging in the above mentioned behaviors, which is an 
integral part of effective team performance, may not be 
taken in good spirit by others and they may be considered 
as ignorant, incompetent, disruptive or negative thereby 
preventing them from engaging in these positive behaviors, 
as is evident in a psychologically safe work environment.?? It 
has been found in many studies that healthcare workers feel 
psychologically -unsafe.*® Only 55% of staff feel comfortable 
speaking up, even if they notice a deficiency in patient care 
thereby decreasing the quality of patient care.” This could 
be due to a professional hierarchy system evident in our 


profession. A study found that physicians felt significantly’ 


greater psychological safety than nurses, who in turn felt 
safer than respiratory therapists? In the multidisciplinary 
team, environment of intensive care for every member of the 
team is equally important. It is a global phenomenon that 
nonphysicians in the intensive care are usually apprehensive 
tovoice their concerns, for fear of punitive measures as senior 
members of the team may be immune to such measures.’ In 
a study conducted among nurses almost half of them opined 
that their input is not well received.” This has direct impact 
on patient outcome, as studies have shown that in units where 
staff feels psychologically unsafe more patients experience 
adverse events.°"!! This is also substantiated by another study 
of clinical performance audit in which it was shown that in 
units where staff reported greater fear of repercussion on 
error reporting there is greater reduction of 12 key patient 
quality indicator! Organizational and team research 
indicates professionals in psychologically unsafe teams are 
poor performers and are less likely to engage in behaviors 
that contribute to effective team.’ First, they do not speak up 
concerns with suggestions, which are essential for a proper 
coordination of efforts; correct the errors and improvisation 
of processes.!*!* Nurses in psychologically unsafe units 
expressed less about medication errors. Second, individuals 
in psychologically unsafe teams engagelessin team learning! 
most importantly in health care, where teams are supposed 
to bringin ncw practices on a continuous basis. Many studies 
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have shown that units who had more learning activities had 
higher psychological safety, had successful implementation 
of new practices and lower patient mortality.'5" Lastly, 
prediction of problem solving is more in psychologically safe 
environment, a major contributor to team success.!99 


Enable the Development of 
Transactive Memory 


Teams with experience often solve problems much better 
than new teams.? The term transactive memory is applied 
to the phenomenon where a team with experience perform 
better over a period of time, as their skills, knowledge and 
capabilities are retained in the memory of the team and 
utilized ina coordinated manner in future tasks.! This enables 
the team members to be aware of each other's weaknesses 
and strengths, and like this group level memory facilitates 
multitasking like storage, retrieval and communication of 
information.” Though the formal division of roles in the unit 
like, physician, nurses, etc. will remain, but within each group 
there may be unique skill shared by some team members. For 
example, one member of the team may be especially good 
in counseling the family members, while another is good in 
getting a vein. Having knowledge of these skills will help in 
deputing the correct person for that particular job. Moreover, 
this knowledge also helps all the team members to ask for help 
from appropriate person at the right time.2?5* When team 
members start recognizing that each once skills and expertise 
are deterrent but complementary (specialization). This is 
possible only when they trust in their teammates' expertise 
(credibility) coordination of task with work efficiency occurs 
as members develop high levels of specialization and 
credibility leading to high-team performance. 

Essential attribute for transactive memory development 
is cognitive interdependence: individuals must recognize 
that their outcomes are dependent on the knowledge of 
others, and that others' outcomes are dependent on their 
knowledge.” Interdependence motivates for team members 
to recognize to what others contribute to the team. 

There are many ways to instill cognitive interdependence 
in a team: through training and simulation, team-based 
rewards and development of positive work relationships. 
Informal interactions and shared experiences during daily 
rounds provide opportunities for members to learn about 
the relative expertise of other members, to coordinate who 
does what, to observe members’ skills in action and to build 
positive relationships. Systems created by formal design (such 
as a listing of staff responsibilities or procedures in an ICU 
training manual) are validated and modified over a period of 
time as the team discovers the capability of members of team 
and their willingness to perform.” It takes time to develop a 
well-functioning transactive memory system. 

Although studies of team transactive memory in 


organizations have focused on the benefits of member 


specialization building, a certain degree of overlapping 
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knowledge so that members can substitute for one another 
as necessary may be especially important for critical care 
teams, where team membership changes on a daily basis and 
nonroutine, time-sensitive, life-threatening decisions are 
commonplace.790 


Team Leaders' Behavior Matters 


Remember the difference between a boss and a leader; a boss 
says "Go" a leader says "let's Go". 
EM Kelly 


A well-documented contributor to team effectiveness is team 
leader's behavior?! Lot depends on the role of team leader 
in the success of the team. A skilled leader would engage in 
structuring the team appropriately with right staff, define 
purpose of team members specifically and brief them about 
it, remove organizational barriers, and promote skills of 
individual member, and use their collective resources to fulfill 
team goals.? Moreover, team leader is also a role model for 
other members of the team as the leader's behaviors is taken 
by the member as an indicator of what is expected from.” 
The term team climate is applied to the leadership behaviors 
and how it affects other members of the staff, which reflects 
on team capabilities. The team climate should be conducive 
to the psychological safety of the team members, in the sense 
that team leaders should seek and appreciates others input. 
They should alsó be available for counseling to-other staff. 
An effective leadership contributes to positive psychological 
safety inthe workenvironment and minimizesthe differences 
between physicians and nonphysicians.? This is also reflected 
in increased team learning and performance in these units.!? 

An effective leadership is reflected by a behavioral pattern 
of sharirig power and giving more autonomy to subordinates, 
involve them in decision making, sharing knowledge, provide 
them with useful information, educating them, leading by 
example and showing genuine concems for their doubts.3*?5 
This leads to higher level of team efficiency as has been shown 
in many team management studies from nonhealthcare 
organizations? This also leads to increase in the job 
satisfaction of subordinates.!^ It is important to note that many 
of these studies were conducted in management teams where 
teams were not making life and death decisions. Research on 
trauma resuscitation teams suggests that there may be other 
important contingencies for critical care teams.” 

An empowering leadership leads to improved feeling of 
psychological safety in the work environment, which will 
help the team members to speak up if they see a physician 
making an error during resuscitation.* 


$ CLINICIAN'S SYNTHESIS 


There is little room for error in "high stake" environment 
of critical care and decisions need to be made promptly 
otherwise there is a possibility of immediate irreversible 
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end-organ dysfunction or death. Intra-team relationship is 
best exemplified during daily ward rounds and resuscitation 
-scenarios. These activities, if analyzed, appropriately can lead 
to an insight on the effect of leadership, psychological safety 
and transactive memory in team effectiveness. 

The relevant outcome measures for overall team 
performance can be considered using the input-process- 
output framework. Measurable’ inputs-influencing team 
performance includes: attributes ofteam members, including 
their knowledge, skills and attitudes relevant to teamwork 
and communication; the task at hand; environmental 
resources (e.g. availability of checklists and scheduled team 
briefings); and the organizational culture in which the team 
functions (e.g. valuing democracy in teams). Observable 
behaviors, as measured by teamwork measurement tools 
and compliance with established protocols and process 
measures. Output measures include: patient outcomes 
(complications, length of hospital stay and 30-day mortality); 
use of time and resources; and impact on staff (staff morale 
and staff retention) (Box 1). 

During our critical care training we are not provided 
with any instructions on how to lead, organize and motivate 
teams. Consequently, we spend the first decade by trial and 
(frequent) error. 

Change is "hard" even when implemented through 
gradual consensus-building, and there are easy ways and hard 
ways to achieve healthcare goals. Interdisciplinary rounds 
are the foundation of critical care. Stakes of the discussions 
and decisions are high, but there is ample time to build team 
skills and empowerment. During team meetings, a feature of 
strong leadership is let the others talk and refrain from taking 
a dominant position. This leads to increased psychological 
safety, which in turn promotes positive transactive memories. 
Though this may lead te longer ward rounds as viewpoints 
of participants will be taken, but this has appositive impact 
on patient care. This can be achieved by certain leadership 
practices during rounds. First, leaders should encourage 
active participation of others in a multidisciplinary (even 
when he thinks he knows the answer). Hierarchical structure 
usually inhibits nondoctors and junior team members 
from speaking up. A simple question like "have we missed 
anything?" may allow a bedside nurse to correct or add an 


Box 1: : Input- process-output framework for measuring 
téam performance: ` : 7 

Input GEEK 
e Individual attributes * Patient outcomes 
* Team composition * Resource utilization 
e Thetask * Staff satisfaction 

e Environmental resources 

e Organizational culture 
Process 

* Teamwork behavior 

e Compliance with protocols 


observation which might have been stated wrong earlier or 
was missed. This helps the psychological safety aspect not 
only of that nurse but other team.members. This also helps 
transactive memory of the team members as they feel that 
their opinion is important to the team leader and they will be 
more keen to share their observation in future ward rounds. 
Teaching during ward rounds is another way of cultivating 
and promoting team spirit. Teaching must not be unilateral 
didacticism. All the members should be allowed to voice their 


-ideas and meritorious suggestions should be implemented, 


thereby giving a positive impression to the team. Ward round 
should be a shared group learning experience. Another 
technique of effective positive team building is to regularly 
name team victories and failures. The failures need to be 
discussed in a nonaccusatory debriefing style. It is even 
more important for the team leader to accept his failure, if 
any, which acknowledges fallibility, thereby giving positive 
signals to others. This helps in self-reporting of errors in the 
system. Similarly, team victories can be named and shared. 
Just like in sport a positive outcome is not only one person's 
contribution, but collective effort of every team member. 
Monthly quality assurance (QA) meetings are an excellent 
opportunity to build up on team science. Each QA member 
can bring forward their concern, which can be discussed 
among members and a solution addressed and implemented 
and reaudited. 


E CASE VIGNETTE. 


A young man with variceal hemorrhage had a variceal 
banding shortly after admission, but soon he had a massive 
hematemesis. In the ensuing 2 hours, he was attended by 
three nurses, a respiratory therapist, gastroenterologist, three 
residents, one fellow, sometimes simultaneously. Multiple 
interventions were done by different team members at 
different times and in quick succession. The team members 
shared their activities and after multiple bloods and other 
blood product transfusion and procedures he was stable 
and not one organ system had failed. Each member's 
individual training and excellence, coupled with our team's 
transactive memory and psychological safety (opinions that 
differed from the leader), resulted in an optimal outcome. 
This coordinated effort of team members was only possible 
due to transactive memory from daily rounds and previous 
resuscitations, as the team members knew what to do, they 
were comfortable acting independently, they did not wait for 
orders from above and were ready to speak out their opinion. 
"Contingent leadership" that is determined by the venue or 
situation becornes more directive than during rounds. 


CONCLUSION — | 


Based on findings from the most recent research evidence 
in medicine and management, four principles are identified 
for improving the effectiveness of team working in intensive 
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care; engender professional efficacy, create stable teams and 
leaders, develop trust and participative safety and enable 
frequent team reflexivity ?*-^! 

In spite of sound logic, the data are still not out there to 
establish a cause and effect relationship between application 
of behavioral sciences and improvement of ICU outcome. 
The mainstay of ICU management is team building and this 
skill needs to be promoted through educational initiatives. 
This might include formal training in behavioral sciences to 
young clinicians as a complimentary skill in addition to their 
core medical skills. It is the critical team, which delivers the 
whole care and it is intuitive that patient outcome will depend 
on the entire teams performance more than brilliance of any 
one individual team member. It is imperative that these skills 
are part of early training curriculum rather than learning by 
trial and error over a period of time with detrimental effects 
on patient outcome. 
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CHAPTER ———— 


“Big Data” in Critical Care: 
Current Status 


Subhash Todi 


A INTRODUCTION 


The foundation of intensive care unit (ICU) is based on 
close monitoring of organ function, which is usually done 
continuously by invasive and noninvasive means. Moreover, 
in the modern investigation-oriented ICUs, further data 
are gathered from the support departments like radiology, 
biochemistry, and microbiology. This leads to generation of 
enormous database for individual patient. With the increasing 
use of Electronic Medical Record (EMR), which has become 
almost mandatory in the ICUs of developed countries 
and advent of electronic ICUs, data archiving has become 
increasingly easy. With these advances come the issue of 
information overload, and a possibility of inappropriate use 
of these data. This chapter will discuss the ways by which the 
big data in ICU can be used in a meaningful way.'? 


E APPLICATION OO 


The requirement of critical care beds are going up worldwide 
constituting almost 10% of all hospital beds? Intensive care 
units have a unique opportunity of collecting, archiving, and 
analyzing data and use it in a meaningful way in an ongoing 
learning environment. Evidence is lacking or equivocal 
in many critical care decisions and information gathered 
from the observational data are becoming important in 
making empirical decisions. In this paradigm, a universal 
deidentified patient database archived in electronic cloud 
is queried with the clinical data of a particular patient, and 
intervention planned, and outcome of similar patient with 
this intervention is retrieved and integrated into patients 
electronic medical record as a clinical decision support 
system.* 

Pharmacovigilance is another way by which this 
information ‘superhighway may become useful. Adverse 
effects, drug interactions and dosing, etc. of a particular drug 
on an individual patient may be compared to population 
database of similar patient. 


One of the important use of big data is the use in 
various scoring system like Acute Physiology and Chronic 
Health Evaluation (APACHE), Simplified Acute Physiology 
Score (SAPS), and Mortality Prediction Model (MPM) for 
prognostication of critically ill and this is arrived at by 
analyzing a large number of data in a derivation cohort 
and statistically analyzing the prognostic variables and 
validating it in another cohort. These scoring systems are 
used for calculating predicted mortality and when compared 
to observed mortality gives a standardized mortality 
ratio (SMR), which is an indicator of quality control and 
comparative performance of ICUs. This is one example of 
direct application of big data from an administrative angle." 


E CURRENT STATUS 


Many commercial vendors of electronic health records 
have initiated process of gathering millions of data bits and 
partnering with academia for research and administrative 
purposes. Moreover, these data are collected real time 
and improve point of care decision taken by the clinician. 
This process is already been used extensively in business 
world and is termed business intelligence, and it has been 
found to improve the operational efficiency, quality, and 
a competitive advantage. Healthcare need to adopt a 
similar industry model, which may be termed as clinical 
intelligence, to achieve a goal of providing optimum patient 
care. Philips electronic ICU database adds almest 400,000 
patient data every year to its database and makes it available 
commercialiy.° On the other hand, Multiparameter Intelligent 
Monitoring in Intensive Care (MIMIC II) is a public access 
database, which contains detailed deidentified patient data 
including International Classification of Disease discharge 


"diagnosis, hemodynamics and ventilatory variables, nursing 


input data, drug data, and can be accessed online for a 
comparative performance evaluation by any ICU.’ Analysis 
of this database has resulted in many pertinent observations 
like outcome of troponin-positive patients, heterogenous 
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effect of red blood cell transfusion in various populations, 
and optimization of heparin dosing. These observations may 
be applicable specifically to the hospital from which it was 
generated and need to be compared with other database for 
generalizability. With increasing use of smartphones, various 
applications have been devised, which can store patients 
vital signs and transmit their electrocardiographic signals. 
A genomic data bank is another offshoot of big data and is 
a major step toward individualized and precision medicine 
movement. This has already come in the clinical arena in 
oncology and pharmacotherapy and hopefully will enter into 
critical care practice. This will help us to individualize patient 
treatment and tailor their drug therapy based on genetic 
markers. 

In order to popularize the concept of big data and 
developing consensus on its optimal use, crowd sourcing and 
data marathon and hackathon may be planned, which will 
bring unlimited number of practitioners together, similar to 
Facebook and Twitter, where they can share their experiences. 
In a recently conducted data marathon, healthcare 
practitioners including physicians, nurses, pharmacists, and 
other paramedical staff along with information technology 
experts, computer scientist, data scientist, and epidemiologist 
interacted to answer many critical care-related questions 
by using big data, like utility of using paracetamol for fever 
control in ICU, optimum blood pressure level in septic shock 
patients, as literature is equivocal on these problems. The 
consensus, which came out from this brain-storming meeting 
was that open data access, which is systematically collected 
and shared transparently and utilized meaningfully is the 
way forward from the current era of working in silos and not 
utilizing optimally the digital revolution taking place around 
us.® In order for this explosion of data mining to be useful 
a close collaboration of clinician and nonclinical support 
systems like statistician. will be needed, where the clinical 
data can be analyzed meaningfully given the innumerable 
variables that is inbuilt in such kind of data collection system. 
The “noise” from these data bank will need to be teased out 
and a Clinically applicable and user friendly format need to 
be presented. 


BUSEINCLINICALRESEARCH 


Randomized-controlled trial (RCT) does not answer many of 
the day-to-day clinical questions that arise while managing 
these patients. Even if an RCT is available, because of the 
trial exclusion criteria, many results are not applicable 
to a considerable number of patients. Dynamic clinical 
data mining report on the other hand presents dynamic 
Observational data of intervention and outcome in similar 
group of patient and helps in making more informed 
decision?!” 

From a research perspective a retrospective observational 
study can be conducted on these databases and through 
appropriate statistical adjustments like propensity matching 


and other quasi randomization model, conclusion may be 
derived which will establish close association if not causality 
between different variables. One of the limitations of using 
EMR data for research purpose is that it was not constructed 
for this purpose, and have various design structures, layouts, 
and organized differently, making comparison of data 
difficult. Moreover, they are highly dependent on expertise 
of data entry operator and can have artifacts, errors, and 
missing values. Recently, there is an increasing movement by 
academic institutions and industry to make their big research 
data universally and publicly accessible, thereby allowing 
other researchers to generate new hypothesis and further 
progress based on this database. One such open access 
clinical data bank is Yale University Open Data Access. Many 
of this data will be from critical care research, thus advancing 
this field tremendously,!!12 

From an individual hospital perspective, the big data 
can be archived and analyzed by data managers with certain 
specific goals in mind, e.g., collecting data for insured versus 
noninsured patient and their cost of care and outcome. This 
may help in proper resource allocation, budgeting, and policy 
decision in that particular hospital, thus giving credence to 
investing in this technology. 


g BARRIERS — 


Obstacles to adoption of this technology in healthcare sector 
have been the relatively late adoption of electronic medical 
records by the healthcare practitioners, initial investment 
cost, fear about the loss of patient confidentiality, poor 
integration between different information system technology 
within the healthcare, poor training of healthcare staff, etc. 
Patient privacy has been considered as one of the major 
barriers of data-driven learning system as there is a risk of 
reidentification, litigation issues. Moreover, patients are 
reluctant to give consent to share data with the perceived 
notion of it being used for marketing by pharmaceutical 
industry and for quality improvement measures, which 
will benefit corporate hospital. This will require more 
public education to disseminate the information about 
the importance of data sharing. A close collaboration will 
be needed between government, industry, and healthcare 
institution to protect the intellectual property rights as 
addressed by United States critical illness and injury trial 
group. As the electronic data in majority of cases are still 
entered manually with its inherent problems, automated data 
entry directly from the monitor and other support structure 
like laboratory and imaging will reduce the errors and 
improve the quality of data. A panel of critical care expert has 
opined that lack of condensation ofthis data for a meaningful 
application at the bedside as one of the major barrier for 
acceptance of this technology by the physicians. It was 
suggested by this panel that basics of big data applicability 
should be included in the medical curriculum for students 
and trainees and inclusion of clinician or other end users at 
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the design stage will make this technology customer friendly 
and more easily acceptable. 


® LIMITATION 


One of the limitations of big data is erroneous conclusions 
that may be derived called “big data hubris” as exemplified 
by overestimation of flu epidemic by flawed data tracking of 
number of patients with flu initiated by Google." Biased 
collection of data will make validation and generalization 
difficult, but due to sheer large-sample size, this bias, which 
is inherent in any data collection and will be less evident 
and chances of false-positive results which are clinically 
unsafe, will be less in big data-based research methodology 
as opposed to randomized studies and small observational 
trials, as is evident by contradictory results of these trials by 
various researchers depending upon the risk adjustment. 


ài CONCLUSION - 


E NN 


In the growing digitalized world around us, healthcare 
industry need to keep pace with this^by adopting the 
electronic medical record, antomated data entry from various 
clinical and laboratory portals, and archiving this data in a 
definite searchable format. The utility of this big database, if 
carefully analyzed, will help not only in clinical research but 
also in clinical management. This is the most important step 
toward delivering precision medicine in critical care. 
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What Really Makes the Difference to 
Outcomes in Pediatric Sepsis? 


Odiraa C Nwankwor, Niranjan Kissoon 


& ll INTRODUCTION | or septic shock is defined as the presence of sepsis and 

iae tod ai S " A features of end-organ dysfunction (Box 1). However, in its 
What is Sepsis? broadest sense, most children who die from an infection have 
Sepsis is defined as systemic inflammatory response succumbed to sepsis as the final common pathway. 
syndrome (SIRS) in the presence of or as a result of a The International Pediatric Sepsis Consensus Conference 
suspected or proven infection. Systemic inflammatory modified the adult SIRS criteria for children, and revised 
response syndrome is defined as the presence of two of the the definitions for pediatric septic shock and severe sepsis.! 
four criteria, one of which must include either an abnormal They also outlined age-specific vital signs and laboratory data 
temperature or abnormal white cell count. Severe sepsis (Table 1). 


Box 1: Critería for systemic inflammatory response syndrome, sepsis, severe sepsis and septic shock 
Systemic inflammatory response syndrome (SIRS) 
* The presence of at least two of the following four eerie one of which must be abnormal temperature or leukocyte count: 
© Core temperature of >38.5°C or <36°C 
© Tachycardia, defined as a mean heart rate >2 SD above normal for age in the absence of external stimuli, chronic drugs, or painful stimuli; 
or otherwise uriexplained persistent elevation over 0.5-4 h time period OR for children <1 year old: bradycardia, defined, as a mean 
heart rate «10^ percentile for age in the absence of external vagal stimulus, B-blocker drugs, or congenital heart disease; or otherwise 
unexplained persistent depression over a 0.5 h time period 


© Mean respiratory rate >2 SD above normal for age or mechanical ventilation for an acute process not related to underlying neuromuscu- 
lar disease or the receipt of general anesthesia 


© Leukocyte count elevated or depressed for age (not secondary to chemotherapy-induced leukopenia) or >10% immature neutrophils 
Infection 


e A suspected or proven (by positive culture, tissue stain, or polymerase chain reaction test) infection caused by any pathogen OR a clinical 
syndrome associated with a high probability of infection. Evidence of infection includes positive findings on clinical examination, imaging, 


or laboratory tests (e.g., white blood cells in a normally sterile body fluid, perforated viscus, chest radiograph consistent with pneumonia, 
petechial or purpuric rash, or purpura fulminans) 


Sepsis 

e SIRS in the presence of or as a result of suspected or proven infection 

Severe sepsis 

Sepsis plus one of the following: cardiovascular organ dysfunction OR acute respiratory distress OR two or more organ dysfunctions 
Septic shock 

e Sepsis and cardiovascular organ dysfunction 
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TABLE 1 Age-appropriate heart rate; respiratory rate, leukocyte count, and systolic blood pressure 


"Age group 


Heart rate (beats/min) 


| Tachycardia 


Bradycardia 
0 days-1 week 


: 1 week-1 month 


1 month-1 year 


2-5 years 


; 6-12 years 


ij INCIDENCE AND OUTCOMES 


Sepsis accounts for a ‘significant number of admissions 
to pediatric intensive care units (PICU) and about 6096 
of the 6 million of deaths in neonates and under 5 years 
worldwide; deaths which are usually attributable to 
pneumonia, diarrhea, malaria, and any invasive infection.“ 
The hallmark of all these pathogenic infections is multiple 
organ dysfunction leading to severe sepsis and septic shock 
and catastrophic outcomes. Estimates in children are hard 
to come by, but recent data from the developed world shows 
rising incidence and mortality, which is lower than before, 
but still high. In the United States, a study of 43 children’s 
hospitals from 2004 to 2012 showed an increasing point 
prevalence of pediatrics severe sepsis (PSS) from 6.2-7.7% 
with an increase in comorbidities, a decrease in the mortality 
rate from 18.9 to 12%, and a tremendous burden on resources. 
An increased incidence of PSS and a significant decrease in 
mortality rate were also reported among critically ill children 
in Australia and New Zealand? as there were declines in both 
hospitalization and mortality rate, but still has a significant 
burden on the national health resources in Canada. 
Moreover, sepsis from hospital-acquired multidrug-resistant 
Gram-negative organism is associated with higher incidence 
and higher mortality rate in European PICUs.’ 

Data for sepsis in children from low- and middle-income 
countries is lacking and is bundled into deaths from the 
major killers, which are pneumonia, malaria, and diarrheal 
diseases. However, sepsis is usually the final common 
pathway to death from infections, and thus, sepsis-related 
pediatric deaths in low- and middle-income countries is 
grossly underestimated.? While data from the developed 
countries show increasing prevalence with decreasing 
mortality in pediatric sepsis due to early intervention and 
use of guideline, limited data from low- and middle-income 
countries still show consistently high incidence and high 
mortality rates.9? 

A global but mostly developed countries point 
prevalence study (SPROUT study) of PSS in PICUs reported 
that sepsis contributes to more than 8% of all critically ill 
children and 25% of hospital mortality with 25% showing 
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signs of new functional disability and 33% progressive organ 
dysfunction. That prevalence and outcomes vary widely can 
be partly attributable to the absence of a universally accepted 
definition, lack of a gold standard diagnostic test, and varying 
diagnostic capabilities, to diagnose sepsis. Thus, approaches 
to diagnosis among clinicians vary and it is, therefore, not 
surprising that public awareness about this major public 
health burden is lacking which dampens incentives for 
policy makers to act. Indeed, lack of awareness is universal 
as evidenced by an international survey, which showed that 
most people have not heard about the word sepsis; and about 
two-third of the doctors surveyed were concerned about the 
lack of a common definition. ?! 


jl COMPREHENSIVE 
APPROACH TO SEPSIS MANAGEMENT — . 


Decreasing the burden and improving outcomes in pediatric 
sepsis can be best achieved by considering sepsis as a major 
public health threat. This paradigm would lend itself to a 
multifaceted management approach based on the concept of 
prevention. Prevention using the public health paradigm by 
a comprehensive approach; combining primary, secondary, 
and tertiary prevention ensures the best chance of success 


(Fig. 1). 
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FIG. 1: Levels of prevention in pediatric sepsis 
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Management and 
Outcomes of Pediatric Sepsis 


Diagnosis 


The SIRS criteria were crafted by consensus opinion and 
have not been subjected to validation, and there is no 
data to support the requirement of two SIRS criteria for 
complete definition of severe sepsis.!? However, it is used 
extensively as screening tool in febrile ill looking children 
for sepsis workup and prompt treatment. While the SIRS- 
based definition of sepsis has very high sensitivity in 
identifying children who died during hospitalization 
in a Ugandan hospital, it has very low specificity.'? In 
addition to the age-specific vital signs and laboratory data, 
some biomarkers could be used to supplement clinical 
assessment and aid in the early diagnosis and monitoring 
of treatment of sepsis syndrome in children in such 
settings.!* They are by themselves not confirmatory and 
there is no standardized practice for their use. C-reactive 
proteins (CRP) are elevated in both inflammatory and 
infectious conditions while procalcitonin has been shown 
to differentiate infections from inflammation. Other 
candidate biomarkers include interleukin-18 and CD64. 
Serum lactate level is useful both in distinguishing septic 
shock from sepsis, and in the monitoring of treatment of 
septic shock. Proteomics are still preliminary, but they offer 
great benefits in elucidating the pathophysiology of sepsis, 
and provide vital opportunity for diagnosis, management, 
and prognostication of sepsis.'^ 

The approach to sepsis diagnosis is context dependent, 
and sepsis definitions above were developed for sepsis 
identification and goal-directed therapy in clinical 
settings in the developed countries and may limit sepsis 
identification in low- and middle-income countries.” Wiens 
et al. suggested that the more pragmatic alternative for 
sepsis definition and identification would be to exclude the 
laboratory (leukocyte) requirement for SIRS definition since 
some centers in resource-limited countries might not have 
the resources to obtain these laboratory data. A modified 
definition of sepsis would be based solely on clinical findings 
of heart rate, respiratory rate, and core temperature (with 
abnormal temperature being a requirement). In a study in 
Latvia, SIRS was commonly identified by a combination of 
fever and respiratory rate more than two standard deviations 
above normal for age." In resource-limited settings, sepsis 
diagnosis should be context and resource availability 
driven, and in low- and middle-income countries with the 
highest burden and least resources should de-emphasize 
the need for laboratory-based diagnosis. Along these 
lines, the presence of abnormal temperature together 
with abnormal respiratory rate or abnormal heart rate or 
change in skin or mucous membrane color or change in 
mental status should trigger sepsis management. A study in 


Bangladesh, a model using oxygen saturation, respiratory 
rate, and temperature abnormalities in addition to other 
physical findings predicted the need for hospital admission 
in children (mostly from infections) with a sensitivity of 7796 
and specificity of 8796.1? 


What Makes the Difference to 
Outcomes in Pediatric Sepsis? 


Improved outcomes rest on a systematic and comprehensive 
approach that would incorporate primary prevention to 
ensure that children live healthy lifestyle. When sepsis inter- 
venes, early recognition and prompt treatment (secondary 
prevention) ensures optimal outcomes. Upon discharge from 
the hospital, proper rehabilitation (tertiary prevention) and 
adequate follow-up should be arranged to ensure decreased 
morbidity and mortality. 


Primary Prevention: General 
Health Promotion and Specific Prevention 


Every effort to reduce global morbidity and mortality from 
sepsis must include the use of preventive strategies. '? These 
will include measures to prevent the occurrence of sepsis 
such as good hand hygiene, provision of clean portable water, 
adequate nutrition, immunization, antibiotic prophylaxis, 
zinc supplement, and priority public policy to promote 
awareness and research in the field of sepsis. 


Immunization - 


The global burden of sepsis can be reduced by improved 
vaccinations.” Heterologous immunization with Bacillus 
Camille-Guerin (BCG) vaccine showed a lower mortality rate 
among BCG-vaccinated children than BCG-unvaccinated 
low birth weight children, and this probable beneficial effect 
could not be explained by protection from tuberculosis 
alone.2°*! Likewise, specific vaccines reduce mortality 
and morbidity from the specific infectious diseases like 
Haemophilus influenzae type B (HIB), Meningococcal 
meningitis, measles, etc. 


Antibiotics Prophylaxis 


Antibiotics prophylaxis, though fraught with concerns for 
emergence ofresistance, plays a vital role in preventing severe 
sepsis from specific groups of patients. Prophylaxis reduces 
the risk of invasive diseases from Group B Streptococcus in 
neonates; encapsulated organisms in patients with asplenia; 
and from subacute bacterial endocarditis in patients with 
structural heart defects. Application of appropriate 
antibiotic prophylaxis in established disease conditions may 
decrease mortality and reduce disabilities associated with 
some severe bacterial infections. 
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Hand Hygiene 


Hand washing has been known to reduce fecal-oral 
transmission- of organisms that cause acute gastroenteritis 
in the developing worlds, and hospital-acquired infections 
worldwide. Lam et al. found that healthcare-associated 
infection rate decreased from 11.3 to 6.2 per 1,000 patient 
days with improved overall hand hygiene compliance.” 


Nutrition 


Nutrition plays a big role in both sepsis prevention and 
early management of sepsis in children.” About 50% of 
children in low- and middle-income countries with sepsis 
are malnourished, and this complicates management and 
leads to poorer outcomes. Severely malnourished under- 
five children with severe sepsis and pneumonia, who require 
fluid resuscitation in addition to antibiotics, show higher case 
fatality rate when compared to those without severe sepsis.” 


Secondary Prevention: Early 
Diagnosis (Recognition) and Treatment 


Early detection of sepsis and early aggressive therapy can 
improve outcomes in sepsis. Early recognition and prompt 
goal-directed therapy should start from the point of first 
contact with the patient. This could be by community health 
workers, the paramedic ambulance personnel, physicians at 
district and community hospitals, emergency departments 
(EDs), and PICU. With sepsis resolution, postdischarge 
follow up, especially for the identified vulnerable population, 
should be ensured. 


Prehospital/Preintensive 
Care Unit Sepsis Interventions 


Education of the lay public and paramedics and community 
health workers to recognize sepsis in the field, and initiate 
treatment en-route the hospital for definitive therapy is 
essential. 

In resource-limited settings, community health workers, 
community health volunteers, or any organized and trained 
primordial level health personnel could identify possible 
severe bacterial infections from newborns to childhood, 
and administer the first dose of antibiotics prior to transfer 
of the sick newborn/child to the next level of care. In Nepal, 
a community-based pilot program called Morang Innovative 
Neonatal Intervention (MINI) program was successful in 
getting female community health volunteers (FCHVs) to 
visit homes of newborn babies to identify those who have 
possible severe bacterial infection, give them first dose of co- 
trimoxazvle, and then refer to the facility-based community 
healthcare workers (CHWs) for further 7-day gentamicin 


treatment. In this study, they found that assessment of signs 
by the FCHVs matched those by the more highly trained 
CHW in over 90% of the cases. The case fatality rate among 
those who received the complete gentamicin treatment was 
1.5% compared to 5.3% among those who did not initiate the 
treatment. 


Management of Pediatric Severe 
Sepsis in the Emergency Department 


In the ED, outcome is influenced by prompt recognition 
of sepsis and septic shock, activation of septic bundle, and 
goal-directed therapy in the first hour. The 2014 guideline 
emphasizes: 

e First hour fluid resuscitation and inotropic agents 
directed at goals of threshold heart rates, normal blood 
pressure, and capillary refill less than or equal to 2 
seconds with specific evaluation after each bolus for 
signs of fluid overload as well as first hour antibiotic 
administration. 

To maintain consistency and structure toward achieving 
goal-directed therapy, the 2014 guideline identified three 
management bundles namely; (i) recognition bundles, (ii) 
resuscitation and stabilization bundles, and (iii) performance 
bundles. The details of these of management bundles in the 
emergency management of PSS are as follows. 


Recognition Bundle 


It contains triggers that will enhance rapid identification of 
suspected sepsis in the institution. This bundle has three 
components: 

1. Trigger tool: This includes vital signs, physical 
examination, and risk factors. Any positive trigger should 
prompt rapid physician assessment and or initiation of 
sepsis protocol. See trigger tools in figure 2 

2. Rapid clinician assessment: Any patient identified as 
having suspected sepsis based on the triggers tools 
should be assessed by a clinician within 15 minutes 

3. Activation of the sepsis bundle: Sepsis bundle should be 
activated within 15 minutes of clinician assessment of a 
patient suspected of having sepsis. 


Resuscitation and Stabilization Bundle 


This ensures rapid treatment, and has five action items: 

1. Place intraosseous or intravenous access within 5 minutes 
2. Start appropriate fluid resuscitation within 30 minutes 

3. Initiate broad spectrum antibiotics within 60 minutes 

4. Send blood culture, if it does not delay antibiotics 
administration 

Start peripheral or central inotropes based on response to 
fluid infusion (Figs 3 and 4). 
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Pediatric septic shock collaborative septic shock indentification tool 


Patient presents to the ED with concern N | 
for infection and/or temperature o | triage too 
abnormality (in the ED or within 4 hrs of [— *| Continue routine triage 
presentation)? process 
i 


| Exclude from shock 


I Yes 


C Continue assessment at triage ] 


General assessment: | Yes 
ls patient critically ill? 


Transfer patient to a 
resuscitation room and 


immediately alert physician/ 
Tesuscitation team 


Continue ahock triage too! 


* Obtain a full set of vital signs including blood pressure and temperature 
* Perform a brief history and physical exam assessing mental status, 
skin, pulses and capillary refill/perfusion 

* Is the patient a high-risk patient? (see Table 1) 

Septic Shock Checklist 

o Temperature abnormality (Table 2) °C 


o Hypotension (Table 2) mmHg 
o Tachycardia (Table 2) beats per minute 
o Tachypnea (Table 2) beats per minute 


o Capillary refill abnormality (Table 3) 
o Mental status abnormality (Table 3) 
« Pulse abnormality (Table 3) 

» Skin abnormality (Table 3) 


i 


i i 

i Is patient i Yes 
i hypotensive? 
| 


Initiate/continue the septic shock 
protocol /pathway using the septic 
H shock order set, and mobilize» 

resources 


Does patient meet 3 or more of the 8 


clinical criteria, figs esse 
or >| trage 
Does high-risk patient meet 2 or more of process 
the 8 clinical criteria? 
Yes 
tdentify the patient as meeting septic | 
shock triage criteria, transfer to a room 
immediately and alert physician 


eee 


Does physician assessment concur with 
triage assessment? 


No 


Continue routine care 


FIG. 2: Trigger tools for rapid pediatric sepsis identification 


Ongoing management of severe sepsis 
in the pediatric intensive care unit 


To improve outcome, subsequent ICU stabilization goals of 
central venous oxygen saturation (SvO2) more than 70% and 
cardiac index of 3.3-6.0 L/min/m? should be maintained. 
This includes continuing with peripheral concentration 
of inotrope started in the ED until a central venous line is 
established.” The details of the stabilization bundles might 
include two additional items namely: 

1. Multimodal monitoring to attain and maintain goal 
therapies at normal mean arterial pressure-central venous 
pressure (MAP-CVP) (55 + 1.5 x age in years), and ScvO, 
more than 70% and/or cardiac index 3.3-6.0 L/min/m? 

2. Appropriate antibiotics treatment with identification and 
source control. 


Table 1. High Risk Conditions 
* Malignancy 
* Asplenia (including SCD) 
* Bone marrow transplant 
* Central or indwelling line/catheter 
* Solid organ transplant 
* Severe MR/CP 
* immunodeficiency, immunocompromise or immunosuppression 


Table 2. Vital Signs (PALS) 


Heart Resp Temp 

Age Rate Rate Systolic BP (°C) 
0d- 1m »205 >60 <60 «38 or >38 
21m-3m »205 >60 <70 «36 or >38 
23m-1r > 190 >60 <70 <36 or >38.5 


<70 + (age in yr x 2) 


«36 or 238.5 


«36 or >38.5 


24y-6y E >34 <70 + (age in yr x2) «36 or >38.5 
2»8y-10y » 140 >30 <70 + (age in yr * 2) «36 or >38.5 
z10y-13y > 100 »30 «90 «36 or »38.5 
EIL » 100 »16 «9 «36 or »38.5 


Table 3. Exam Abnonnalities 
Cold Shock 


Pulses 
(central vs. 
"peripheral) 


Bounding 


` Capillary refill 


(entralvs. | 23sec Flash {< 1 sec) 
peripheral) - 3 
` A . xs 
Mottled, Flushed, ruddy, Petechiae below the nipple, any 
a cool p ewwmdeme | purpura 
(other than face) 
| Decreased, irritability, confusion, 
i inappropriate crying or drowsiness, 
Mental status poor interaction with parents, 
lethargy, diminished arousability, 
obtunded 


If shock is not reversed with appropriate fluids and 
inotropic agents, and patient is deemed catecholamine- 
resistant shock, hydrocortisone should be started, if there 
is any risk of absolute adrenal insufficiency (Fig. 3). In 
persistent catecholamine-resistant shock after you have ruled 
out any intrathoracic obstructive pathology, and shock is not 
reversed, extracorpóreal membrane oxygenation (ECMO) 
may be considered. 


Extracorporeal therapies 


The use of ECMO in PSS has been associated with decreased 
mortality and significantly increased survival among patients 
with severe sepsis and malignant comorbidities who were 
on ECMO and renal replacement therapies.” Similarly, 
MacLaren et al. demonstrated that central ECMO has even 
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^ Recognize decreased mental status and perfusion | 
| * Begin high flow O; 
i  * Establish IV/IO access 


i 


E Initial resuscitation: 
E i Push boluses of 20 cc/kg isotonic saline or colloid up to and over 60 cc/kg If second PIV sta " 
c i until perfusion improves or unless rales or hepatomegaly develop ] 
g Ds C h id and cer inotrope 
a orrect ypoglycemia and hypocalcemia 
= * Begin antibiotics 
o 
5 Shock not reversed? 
D x = pA eL ay WEY SE ils BB caua 
o | Fluid refractory shock: Dose range: 
E + Begin inotrope IV/IO dopamine up to 
* Use atropine/metamine IV/IO/IM to obtain central access and airway if needed >| 10 pg/kg/min, 
* Reverse cold shock by titrating central dopamine or, if resistant, titrate central epinephrine epinephrine 0.05 


* Reverse warm shock by titrating central norepinephrine 


to 0.3 g/kg/min 


i Shock not reversed? 


Catecholamine resistant shock: 
* Begin hydrocortisone if at risk for absolute adrenal insufficiency 


Monitor CVP in PICU, attain normal MAP-CVP and ScvO; >70% 


4\Cold shock with normal blood pressure: 


Titrate fluid and epinephrine, 
ScvO; > 70% Hb >10 g/dL 


ll If ScvO, > still <70%, add 


vasodilator with volume load- 
ing (nitrosovasodilators, milri- 


Cold shock with low blood pressure: 

* Titrate fluid and epinephrine, 
ScvO, >70% Hb >10 g/dL 

e if still hypotensive, consider 
norepinephrine 


Warm shock with low blood pressure: 

* Titraté fluid and norepinephrine, 
ScvO, >70% 

e If still hypotensive consider 
vasopressin, terlipressin or 


ninone, imrinone, and others) 
consider levosimendan . 


Persistent catecholamine resistant shock: 


Pediatric intensive care unit 


vasodilator, and hormonal therapies 
* Goal CI >3.3 and «6.0 Liminim? 


* Rule out and correct pericardial effusion, pneumothorax, and intra-abdominal pressure >12 mmHg 
* Consider pulmonary artery, PICCO, or FATD catheter, and/or doppler ultrasound to guide fluid, inotrope, vasopressor, 


* If ScvO, still «7096, consider angiotensin 
dobutamine, milrione, eno- * If ScvO; still <70%, consider 
ximone, or levosimendan . low dose epinephrine 
Shock not reversed? 


I— 1 


| 
| 
| 


| Shock not reversed? 


[Refractory shock: ECMO 


FIG. 3: Algorithm for time sensitive, goal-directed stepwise management of hemodynamic support in infants and children 


better outcome than peripheral ECMO in refractory pediatric 
septic shock"? The premise of their finding is that higher flow 
rate of central ECMO achieves potentially quicker reversal 
of shock and multiorgan dysfunction. A recent study by 
Rambaud et al. showed a survival of 64% among newborns 
and 50% among pediatric patients in their retrospective 
study looking at venoarterial ECMO support for neonatal 
and pediatric refractory septic shock.” They suggested 
transferring patients who have oliguria and no decrease 
in lactate level within 6 hours of maximum drug therapy to 
ECMO centers. 


Performance Bundle 


The goal of a performance bundle is to identify and correct 
barriers that are impeding the attainment of recognition, 
resuscitation, and stabilization bundle goals. This should 
contain: 

e Measurement of both process and outcome metrics 
including adherence as well as achievement of goals and 
individual components of the bundles 

¢ Mechanism to monitor, improve and sustain adherence 
to best practices. 
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Recognized decreased perfusion, cyanosis, and RDS 
maintain airway and establish access according to NRP guidelines 


Initial resuscitation: Push boluses of 10 cc/kg isotonic 
saline or colloid up to 60 cc/kg until perfusion improves, 
unless hepatomegaly develops, 
correct hypoglycemia and hypocalcemia, begin antibiotics, 
begin prostaglandin until ductal-dependent lesion is ruled out 


| 


l Shock not reversed? 
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Fluid refractory shock: Titrate dopamine 5-9 ug/kg/min 
add dobutamine up to 10 ug/kg/min 


—— HE 


Fluid refractory dopamine-resistant shock: Titrate epinephrine 
0.05-0.3 ug/kg/min 


| Shock not reversed? 


Catecholamine resistant shock: Monitor CVP in NICU, | 
attain normal MAP-CVP and ScvO; >70% 
SVC flow >40 mL/kg/min or CI 3.3 L/m"/min 


or CI «3.3 L/m2/min, 
add vasodilator 
(nitrosovasodilators, milrinone) 
with volume loading 


i Cold shock with Warm shock with 
T ibo cai and low blood pressure and low blood pressure: 
evidence of proof LV function: | | evidence of RV dysfunction: Add volume and 
IF PPHN with ScvO,<70% if PPHN with ScvO, <70% la Abd 
SVC flow <40% mL/kg/min SVC flow <40% mLikg/min , pressing, 


or CI <3.3 L/m2/min 
add inhaled nitrie oxide, 
consider milrinone, 
consider inhale lioprost 
or IV adenosine 


terlipressin, or angiotensin, 
use inotropes to Keep 
ScvO, >70% 
SVC flow >40mL/kg/min 
and Cl 3.3 Lim /min 


| Shock not reversed? 


Refractory shock: Rule out and correct pericardial effusion, pneumothorax, 
use hydrocortisone for absolute adrenal insufficiency, and T3 for hypothyroidism, 
begin pentoxifyline if VLBW newborn. consider closing PDA if hemodynamically significant 


Pediatric intensive care unit 


Shock not reversed? 


ECMO 


FIG. 4: Algorithm for time sensitive, goal-directed stepwise management of hemodynamic support in newborns 


Barriers to Implementation of 

Pediatric Severe Sepsis Guidelines, 
Obstacles to the Three Bundle Approach, 
and Suggested Pragmatic Approaches 


Three Bundle Approach in 

Resource-limited Settings 

One of the key components of the sepsis bundle is early 
identification and prompt treatment with intravenous fluid 
resuscitation. However, a study by Maitland et al. in their 
Fluid Expansion as Supportive Therapy (FEAST) study found 
that fluid boluses are significantly associated with increased 


48-hour morality in critically ill febrile children with 
impaired perfusion who received fluid boluses in resource- 
limited settings in Africa. But most of the participants in this 
study did not meet the World Health Organization (WHO) 
criteria for shock (cold hands, capillary-refill longer than 3 
seconds, and weak and fast pulse), and their characteristics 
suggested that they had conditions that would be adversely 
affected by overhydration (severe anemia, pneumonia, and 
meningitis).?! 

The FEAST study, suggested training and implementation 
oftriage, basiclifesupportmeasures, and regular observations 
as ways to improve survival among critically ill children in the 
study group.” In children with suspected malaria or anemia, 
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the WHO guideline also suggested that fluid be administered 
cautiously and/or blood transfusion in severe anemia. 


Lack of Laboratory Support, Equipment, and 


.Trained Staff in Low- and Middle-income Countries 


To ensure adherence to sepsis guidelines and protocols, 
Musa et al. suggested that guidelines and recommendations 
should be context dependent.” They laid out the suggestions 
and recommendations of the European Society of Intensive 
Care Medicine’s Global Intensive Care Working Group, 
noting that early identification of critically ill child is a 
major challenge. They recommended a quality assurance 
protocol to ensure timely antibiotics administration; fluid 
management protocol that will be slower depending on the 
nutritional and clinical status of the patient; oxygen and 
respiratory support with continuous positive airway pressure 
or high flow nasal cannula depending on availability; age of 
the patient; and clinical status, among other things. 


Lack of Knowledge and Skills 


Kirby et al..noted that there are significant barriers to full 
implementation of these guidelines by community physicians 
who might not have the-knowledge and skills to recognize 
and treat septic shock in children.* They suggested that 
for improved outcome from septic shock, there should be 


clear communication between community physicians and 


critical care experts/emergency room physicians through 
the telephone or telemedicine program so that the pediatric 
patient will receive the best possible care in a timely fashion. 
Along the same line, a study by Cvetkovic et al. in the United 
Kingdom showed that over half of the deaths in children 
referred to the ICU with severe sepsis happened in the first 24 
hours of referral, and that 2696 of deaths even occurred prior 
to PICU admission." In this regard, quality improvement 


.and educational effort need to be directed to the staff of the 


hospitals referring critically ill children to the pediatric ICU. 


System Issues with Sepsis Identification 


Cruz et al. found in their root-cause-analysis that system 
issues with sepsis identification and management are 
strong barriers to optimal care of children with sepsis.?? 
They demonstrated that a computerized triage system that 
alarmed with abnormal vital signs, toxic appearing or high 
risk children prompting a chain of resuscitative measures 
including immediate physician assessment, initiation of 
sepsis bundles and any other pertinent resources facilitated 
prompt goal-directed therapy. Their median time from triage 
to first bolus decreased from 56 minutes to 22 minutes while 
their median time from triage to first antibiotics decreased ` 
from 130 minutes to 38 minutes. 

Similarly, studies have shown that adherence to the 
Pediatric Advanced Life Support Septic Shock guideline is 
associated with improved outcomes in terms of decreased 


length-of-hospital stay, and in cases where there are 
incomplete adherence to all the components ofthe guideline, 
implementation of quality improvement intervention greatly 
improved adherence.?9?7 


Lack of Communication and Physician 
Involvement in Guideline Development 


Though some studies have demonstrated improvements 
in both process metrics (for example decreased time to 
administration of intravenous fluids, antibiotics, and 
peripheral vasoactive drugs) and outcome metrics including 
length of hospital stay, length of PICU stay, and mortality,?*-*9 
there are still incomplete adherence to the recommended 
goals of the administration of intravenous fluids, intravenous 
antibiotics, and peripheral vasoactive agents. To improve 
adherence to the guideline, the relevant physicians and 
policy makers at those institutions should be involved early 
in the process of crafting the guideline? 


Other Factors Influencing 
Adherence to Guideline and Outcomes 


Simulation of Management of Septic Shock 


Simulation of management of pediatric septic shock among 
residents in pediatric training in the United States improved 
significantly the residents' performance scores, and repeated 
simulations showed even more significant ongoing improve- 
ment.” This could be applied in any setting. 

Similarly, Kessler et al. used a standardized in situ 
scenario across multiple EDs, and found that there is 
disparity in adherence across these EDs with pediatric EDs 
following the guideline, more than the general EDs." In this 
simulation study, they also found that only composite team 
experience level was associated with improved adherence to 
the guidelines. 


Managing Mortality 
Predictors and Risk Stratification 


Haque et al. demonstrated that high Vasoactive Inotropic 
Score (VIS) in fluid refractory shock is associated with 
poor outcome among children in a university hospital in 
Pakistan.” In their study, mortality rate among children 
with low VIS was 43% compared to 100% among those with 
high VIS. Since inotropes are commonly used in shock 
management, and VIS is easy to calculate, they suggested 
that VIS could be used as a predictor of outcome in sepsis in 
resource-limited setting, and consequently be included as 
one of the components of bundles of predictors of outcome 
in children with septic shock. 

Shock index (SI-ratio of heart rate to the systolic blood 
pressure) is an easily calculated predictor of mortality, and 
Rousseaux et al. demonstrated that SI could be used for early 
recognition of severe sepsis.'? They showed that abnormal Si 
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at both admission and at 6 hours was predictive of death, and 
they emphasized that early recognition of sepsis improves 
outcome. 

Acute kidney injury (AKI) in sepsis is associated with 
worse outcomes, and identification of patients who are at risk 
of developing AKI in sepsis help to direct their medical care. 

Wong et al. derived and tested a multibiomarker-based 
model for estimating risk of developing AKI in sepsis. This 
cumulatively adds to the diagnostic tools for timely diagnosis 
and prompt treatment in septic children. 


Increasing Public Awareness of Sepsis 


Sepsis is one of the most common causes of death but one 
of the least recognizable diseases. An international survey 
showed poor public awareness of the word sepsis in most 
parts of the world.! In fulfillment of one of the goals of World 
Sepsis Day, "raising public and professional awareness and 
understanding of sepsis; on September 13 2012, supporters 
organized over 200 events in all the continents and over 
40 countries to raise awareness and educate health workers 
and the public on the scourge of this health disaster. These 


events were extensively covered by the print media and 


television houses, and public officers and policy makers 
participated. Similar events are organized every year to mark 
the World Sepsis Day. We should leverage the use of social 
media to promote awareness about sepsis (url:http://www. 


. global-sepsis-alliance.org/). 


Tertiary Prevention: 
Limited of Disability and Rehabilitation 


Addressing Prenatal and other Risk Factors 


A study of Swiss extremely premature infants showed that 
proven sepsisis significantly associated with the development 
of neurodevelopmental impairment, independent of 
other risk factors. A muitivariate analysis of their study 
population showed that proven sepsis independently 
increased the risk of cerebral palsy. They suggested a strong 
need for strategies to reduce sepsis in this vulnerable 
population, which by extrapolation would reduce these long- 
term disabilities. Similarly, in Senegal, under-five children 
with bacterial meningitis have more than threefold odds of 
developing major disability (motor deficit, seizure disorder, 
visual disturbances, hearing loss, cognitive impairments, 
etc.), lower quality of life scores and an average total lifetime 
sequelae of about US $35,000 per child.*”4® Some of this 
disability could have been prevented with the use of the HIB 
conjugate vaccine and the meningococcus vaccine." 


Addressing Predictors of Functional Outcome 


A short-term analysis of pediatric patients with severe sepsis 
who survived up to 28 days showed diminished functional 
outcomes; and predictors of poor functional outcome include 


history ofimmune compromise, intra-abdominal and central 
nervous infections, trauma, higher Pediatric Risk of Mortality 
(PRISM) III score, and Hispanic origin." Farris et al. suggested 
that these predictors of poor functional outcomes are also 
points of interventions to improve outcomes in this regards. 


Addressing Predictors of Postdischarge Mortality 


It is known that patients who have not returned fully to be 
their prehospitalization baseline prior to discharge have 
increased risk of rehospitalization and increased mortality. 
Consequently, identification of these at high-risk group of 
patient would prompt postdischarge plan that might include 
home nursing visit and early postdischarge follow-up visits. 

Wiens, et al. in their work at a Ugandan hospital 
developed. a postdischarge risk prediction model using 
five simple measurable variables including mid-upper 
arm circumference, time since last hospitalization, oxygen 
saturation, abnormal Blantyre Coma Scale score, and HIV- 
positive status? This model helps to improve discharge 
planning for the identified high risk patients, according to 
them. Similarly, Gambian children who are malnourished, 
as defined by Mid-Upper Arm Circumference (MUAC) are at 
increased risk of postdischarge mortality?! Very importantly, 
they found in this study that in addition to children who are 
severely malnourished (MUAC <11.5 cm), those who are 
moderately malnourished (MUAC 11.5-13.0 cm) have about 
sevenfold increase in postdischarge mortality. They advised 
preventive measures including nutritional rehabilitation and 
close follow-up of these at risk malnourished children. 


E CONCLUSION 


Pediatric severe sepsis is a devastating clinical and public 
health urgency with debilitating and often long-lasting 
health, social, and economic consequences. It is a disease 
spectrum that is so common yet so unknown even among 
health workers, and the lay population. 

The key element in improving sepsis outcomes rests on 
recognition and prompt treatment in a way that addresses the 
key pathophysiological derangement of this syndrome first, 
but narrowing care to the particular disease entity (bacterial, 
viral, and protozoal) leading up to the clinical features of 
severe sepsis. We also highlighted the need to approach sepsis 
management in a very comprehensive manner including all 
levels of prevention. 

Lastly, we would encourage every effort to increase 
awareness about this gigantic, preventable, and treatable 
disease spectrum, among healthcare workers, policy makers, 
and the public in general. 


B REFERENCES — 


1. Goldstein B, Giroir B, Randolph A. International Consensus Conference 
on Pediatric Sepsis. Internationa! pedialric sepsis consensus conference: 
definitions for sepsis and organ dysfunction in pediatrics. Pediatr Crit Care Med. 
2005;6:2-8. 


397 


398 


"SECTION 9: Pediatrics 


11. 


12. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 
24. 


25. 


Kissoon N, Uyeki TM. Sepsis and the global burden of disease in children. JAMA 
Pediatr. 2016;170:107-8. 

Kissoon N, Daniels R, van der Pol! T, et al. Sepsis-the final common pathway to 
death from multiple organ failure in infection. Crit Care Med. 2016;44:6446. 


. Kissoon N, Carcillo JA, Espinosa V, et al. World Federation of Pediatric Intensive 


Care and Critical Care Societies: Global Sepsis Initiative. Pediatr Crit Care Med. 
2011;12:494-503. 


. Schlapbach LJ, Straney L, Alexander J, et al. Mortality related to invasive 


infections, sepsis, and septic shock in critically ill children in Australia and New 
Zealand, 2002-13: a multicentre retrospective cohort study. Lancet Infect Dis, 
2015;15:46-54, 


. Thompson-GC, Kissoon N. Sepsis in Canadian children: a national analysis using 


administrative data. Clin Epidemiol. 2014;6:461 -9. 

Folgori L, Livadiotti S, Carletti M, et al. Epidemiology and clinical outcomes 
of multidrug-resistant, Gram-negative bloodstream infections in a European 
tertiary pediatric hospita! during a 12-month period. Pediatr Infect Dis J. 
2014;33:929-32.. 

Ganjoo S, Ahmad K, Qureshi UA, et al. Clinical Epidemiology of SIRS and Sepsis 
in Newly Admitted Children. indian J Pediatr. 2015;82:698-702. 

Wang Y, Sun B, Yue H, et al. An epidemiologic survey of pediatric sepsis in 
regional hospitals in China. Pediatr Crit Care Med. 2014;15:814-20, 

Erratum: Global Epidemiology of Pediatric Severe Sepsis: The Sepsis Prevalence, 
Outcomes, and Therapies Study. Am J Respir Crit Care Med. 2016;193:223-4. 
Rubulotta FM, Ramsay G, Parker MM, et al. An international survey: Public 
awareness and perception of sepsis. Crit Care Med. 2009;37:167-70. 

Yipp BG, Winston BW. Sepsis without SIRS is still sepsis. Ann Transl Med. 
2015;3:294. . 

Wiens MO, Larson CP, Kumbakumba E, et al. Application of sepsis definitions 
to pediatric patients admitted with suspected infections in Uganda. Pediatr Crit 
Care Med. 2016;17:400-5. 

Standage SW, Wong HR. Biomarkers for pediatric sepsis and septic shock. 
Expert Rev Anti Infect Ther. 2011;9:71-9. 

Siqueira-Batista R, Mendonca EG, Gomes AP, et al. Proteomic updates on 
sepsis. Rev Assoc Med Bras. 2012;58:376-82. 


. Wiens MO, Kumbakumba E, Kissoon N, et al. Pediatric sepsis in the developing 


world: challenges in defining sepsis and issues in post-discharge mortality. Clin 
Epidemiol. 2012;4:319-25. 

Pavare J, Grope |, Gardovska D. Prevalence of systemic inflammatory response 
syndrome (SIRS) in hospitalized children: a point prevalence study. BMC Pediatr. 
2009;9:25. ë 

Raihana S, Dunsmuir D, Huda T, et al. Development and internal validation of 
a predictive model including pulse oximetry for hospitalization of under-five 
children in Bangladesh. PLoS One. 2015;10:e01 43213. ; 
Riley C, Wheeler DS. Prevention of sepsis in children: a new paradigm for public 
policy. Crit Care Res Pract. 2012;2012:437139. 

Carcillo JA. Reducing the global burden of sepsis in infants and children: a 
clinical practice research agenda. Pediatr Crit Care Med. 2005;6:5157-64. 
Roth A, Jensen H, Garly ML, et al. Low birth weight infants and Calmette-Guerin 
bacillus vaccination at birth: community study from Guinea-Bissau. Pediatr 
Infect Dis J. 2004;23:544-50, 

Lam BC, Lee J, Lau YL. Hand hygiene practices in a neonatal intensive care 
unit: a multimodal intervention and impact on nosocomial infection. Pediatrics. 
2004;114:e565-71. 

Cohen J, Chin W. Nutrition and sepsis. World Rev Nutr Diet. 2013;105:116-25. 
Chisti MJ, Salam MA, Bardhan PK, et al: Severe Sepsis in Severely Malnourished 
Young Bangladeshi Children with Pneumonia: A Retrospective Case Control 
Study. PLoS One. 2015;10:e0139966. 

Khanal S, Sharma J, GC VS, et ai. Community health workers can identify and 
manage possible infections in neonates and young infants: MINI--a mode! from 
Nepal. J Health Popul Nutr. 2011;29:255-64. A 

Brierley J, Carcillo JA, Choong K, et al. Clinica! practice parameters for 
hemodynamic support of pediatric and neonatal septic shock: 2007 
update from the Ainerican College of Critical Care Medicine. Crit Care Med. 
2009;37:666-88. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


43. 


45. 


46. 


4f. 


48. 


49. 


50. 


91. 


Ruth A, McCracken CE, Fortenberry JD, et al. Extracorporeal therapies in 
pediatric severe sepsis: findings from the pediatric health-care information 
system. Crit Care. 2015;19:397. 

MacLaren G, Butt W, Best D, et al. Central extracorporeal membrane oxygenation 
for refractory pediatric septic shock. Pediatr Crit Care Med. 2011;12:133-6. 
Rambaud J, Guellec |, Leger PL, et al. Venoarterial extracorporeal membrane 
oxygenation support for neonatal and pediatric refractory septic shock. Indian J 
Crit Care Med. 2015;19:600-5. 

Maitland K, Kiguli S, Opoka RO, et al. Mortality after fluid bolus in African 
children with severe infection. N Engl J Med. 2011;364:2483-95. 

Duke T. What the African fluid-bolus trial means. Lancet. 2011;378:1685-7 
Musa N, Murthy S, Kissoon N. Pediatric sepsis and septic shock management in 
resource-limited settings. Intensive Care Med. 2016. 

Kirby A, Goldstein B. Improved outcomes associated with early resuscitation in 
septic shock: do we need to resuscitate the patient or the physician? Pediatrics. 
2003;112:976-7. 

Cvetkovic M, Lutman D, Ramnarayan P, et al. Timing of death in children 
referred for intensive care with severe sepsis: implications for interventional 
Studies. Pediatr Crit Care Med. 2015;16:410-7. 

Cruz AT, Perry AM, Williams EA, et al. Implementation of goal-directed therapy 
for children with suspected sepsis in the emergency department. Pediatrics. 
2011;127:e758-66. 

Paul R, Melendez E, Stack A, et al. Improving adherence to PALS septic shock 
guidelines. Pediatrics. 2014;133:e1358-66. 

Paul R, Neuman MI, Monuteaux MC, et al. Adherence to PALS Sepsis Guidelines 
and Hospital Length of Stay. Pediatrics 2012;130:e273-80. 

Larsen GY, Mecham N, Greenberg R, An emergency department septic 
shock protocol and care guideline for children initiated at triage. Pediatrics 
2011;127:e1585-92. 

Kissoon N. Sepsis guidelines: Suggestions to improve adherence. J Infect. 
2015;71:S36-41. 

Dugan MC, McCracken CE, Hebbar KB. Does simulation improve recognition 
and management of pediatric septic shock, and if one simulation is good, is 
more simulation better? Pediatr Crit Care Med. 2016;17:605-14. 

Kessler DO, Walsh B, Whitfill T, Gangadharan S, et al. Disparities in adherence 
to pediatric sepsis guidelines across a Spectrum of Emergency Departments: 
A multicenter, cross-sectional observational in situ simulation study. J Emerg 
Med. 2016;50:403-15.¢3, 


. Haque A, Siddiqui NR, Munir O, et al. Association between vasoactive-inotropic 


score and mortality in pediatric septic shock. Indian Pediatr. 2015;52:311-3. 
Rousseaux J, Grandbastien B, Dorkenoo A, et al. Prognostic value of shock 
index in children with septic shock. Pediatr Emerg Care. 2013;29:1055-9. 
Wong HR, Cvijanovich NZ, Anas N, et al. A multibiomarker-based mode! 
for estimating the risk of septic acute kidney injury. Crit Care Med. 
2015;43:1646-53. 

Reinhart K, Daniels R, Machado FR; World Sepsis Day Steering Committee and 
the Global Sepsis Alliance Executive Board. The burden of sepsis: a call to action 
in support of World Sepsis Day 2013. Rev Bras Ter Intensiva. 2013;25:3-5. 
Schlapbach LJ, Aebischer M, Adams M, et al. Impact of sepsis on neuro- 
developmental outcome in a Swiss National Cohort of extremely premature 
infants. Pediatrics. 2011;128:e348-57. 

Edmond K, Dieye Y, Griffiths UK, et al. Prospective cohort study of disabling 
sequelae and quality of life in children with bacterial meningitis in urban 
Senegal. Pediatr Infect Dis J. 2010;29:1023-9. 

Griffiths UK, Dieye Y, Fleming J, et al. Costs of meningitis sequelae in children in 
Dakar, Senegal. Pediatr Infect Dis J. 2012;31:6189-95. 

Farris RW, Weiss NS, Zimmerman JJ. Functional outcomes in pediatric severe 
sepsis: further analysis of the researching severe sepsis and organ dysfunction 
in children: a global perspective trial. Pediatr Crit Care Med. 2013;14:835-42. 
Wiens MO, Kumbakumba E, Larson CP, et al. Postdischarge mortality in children 
with acute infectious diseases: derivation of pestcischarge mortality prediction 
models. BMJ Open. 2015;5:e009449. 

Chhibber AV, Hill PC, Jafali J, Jasseh M, et al. Child mortality after discharge 
from a health facility following suspected pneumonia, meningitis or Septicaemia 
in rural Gambia: A Cohort Study. PLoS One. 2015;10:e0137095. 


v 


Fluid Balance: Where are 
We Going with Fluids and Electrolytes in 
the Pediatric Intensive Care Unit? 


Andrew C Argent 


INTRODUCTION 


For many years, fluid therapy in the pediatric intensive care 

unit (PICU) was based on the assumptions that boluses of 

fluid were appropriate for the management of shock in a 

variety of settings, and that the recommendations of Holliday 

and Segar! were appropriate for volumes of maintenance 
fluids in the PICU. 

More recently, these assumptions have been challenged 
by the outcomes ofthe Fluid Expansion as Supportive Therapy 
(FEAST) study? (showing that pyrexial children with features 
of hemodynamic instability had worse outcomes with fluid 
boluses); data showing that children who developed positive 
fluid balances while in PICU had worse outcomes; data 
showing that even mild-to-moderate dysnatremia in the 
adult intensive care unit (ICU) was associated with worse 
outcomes;*? and data showing that children were dying in 
hospitals as a result of iatrogenic hyponatremia.® 

Some of the particular challenges of the PICU as regards 
fluids and electrolytes include the following: 

e ‘There are a wide range of patients seen in PICU and 
the fluid and electrolyte requirements in these patients 
may differ considerably depending on factors such as 
pathology (consider patients with large body surface area 
burns vs. patients-following brain surgery), age (preterm 
infants vs. adolescents); previous therapy, and ongoing 
therapy (e.g, need for diuretic therapy and need for 
hydration for chemotherapy) 

e Many patients in the PICU have single- or multiorgan 
failure and this/these dysfunction(s) may have multiple 
effects on fluid requirements and fluid balances 

* The balance of fluid and electrolytes depends on the 
interaction between the patient (their physiological and 
pathological processes); the fluids and electrolytes that 
are administered to those patients (including fluids, 
feeds, medication—even just the diluents provided 
with medications); multiple potential sites of fluid loss 
(including drains, catheters and dialysis therapy); the 


medications and therapies (such as administration of 

blood and coagulation products) administered to those 

patients; the use of organ support therapies (including 
mechanical ventilation and renal replacement therapy) 

e The duration of stay in PICU may be extremely variable 
and the fluid and electrolyte balances are likely to change 
during that stay as the condition of the patient changes. 
The counterpoint to these challenges is that the 

environment in the PICU is such that it is possible to 

accurately measure and monitor fluid and electrolyte 
balance in most patients, and use that information to adjust 
therapy to ensure achievement of appropriate goals. 

While this review will focus on the fluid and electrolyte 
balance in critically patients, it is important to consider that 
fluid balances may have profound effects on other issues such 
as drug levels and bioavailability of those agents. In addition 
protein content of fluids may have significant effects on the 
bioavailability of medication such as antibiotics." 


s FLUIDS FOR RESUSCITATION 


There are groups of patients where the rapid administration 
of intravascular fluids is lifesaving. There is little argument 
that administration of fluids and electrolytes (such as 0.996 
saline or Ringer's lactate) in bolus form may be helpful to 
the child who has rapidly lost fluids and electrolytes from the 
intravascular space as a result of severe gastroenteritis, There 
is little argument over the need for blood products in patients 
with active bleeding and hypovolemia. 


Sepsis 


Some years ago there was strong agreement that fluid boluses 
were an important component of resuscitation (particularly 
in sepsis),? and current guidelines on resuscitation for severe 
sepsis in children recommend the administration of up 
to 60 mL/kg of fluids within the first hour of presentation 
to the emergency department or PICU? (less, if there is an 
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appropriate clinical response to resuscitation). A number: 


of studies have shown that compliance with this approach 
is associated with improved outcomes.'^ In India, another 
study showed no difference in outcomes between children 
with septic shock given a rapid fluid bolus (40 mL/kg of fluid 
over 15 min) versus slower fluid administration (20 mL/kg 
over 20 min up to a maximum of 60 mL/kg over 1 h) together 
with titrated inotropic therapy.!! Perhaps significantly, there 
was increased hepatomegaly detected in those children given 
the more rapid fluid bolus. 

There is also evidence from a large study involving over 
3,000 children in East Africa that fluid bolus administration 
may be deleterious in sick children,? with increased 
mortality associated with bolus therapy despite initial 
“improvement” with the therapy. That study involved a large 
group of children, many of whom had additional underlying 
problems such as malaria and anemia. Intensive care 
support was not available to these children, and so there 
has been considerable debate concerning the implications 
of this study for the management of children with severe 
sepsis in other settings, 

The assumption has been made that in shocked children 
with sepsis there are common features such as reduced 
cardiac output; altered vascular (both arterial and venous) 
tone; poor tissue perfusion and decreased oxygen delivery 
(with resultant organ damage), and consequent multiorgan 
dysfunction. However, there is recent data showing that 
the hemodynamics in children with severe sepsis may vary 
substantially!?!4 and although some children may have low- 
cardiac output, the reverse may be true in others, In addition, 
while the assumption has been made that reduced organ 
perfusion is deleterious, it is possible that reduced perfusion 
may be protective in some circumstances by mechanisms 
such as reduced washout of potentially “toxic” products such 
as inflammatory cytokines." Thus, it is likely that while some 
children will respond positively to a bolus of fluids, there are 
others who may suffer adverse consequences. 

In addition, even if there is low-cardiac output in a 
patient it is not clear whether administration of a bolus of 
fluid will increase cardiac output. The effect of a fluid bolus 
on cardiac output will depend on a complex interaction 
between vascular tone (both arterial and venous); cardiac 
contractility and rate, and intravascular volumes. Depending 
on the intersection of several interrelated physiological 
curves administration of fluid to an individual, patient 
may result in increased, decreased, or unchanged cardiac 
output.'? Unfortunately, clinical measures of cardiac output 
in critically ill children are unreliable!" and current 
predictors ofthe effect ofa fluid bolus onthe hemodynamics 
of an individual child are also unreliable.!*?? There are 
ongoing studies investigating the possibility of prediction of 
the response to fluid bolus administration in severe sepsis 
in children.?! 

Although there is limited information regarding the 


400 optimal volumes of fluids for resuscitation in children, it 


is clear that underlying disease processes need to be taken 
into account. As an example, children on chemotherapy 
may have disordered cardiac function related to that 
medication, and if they develop sepsis this would have 
to be taken into account when considering fluid bolus 
therapy. Underlying anemia may be effectively exacerbated 
by vigorous fluid administration. Although concerns about 
the impact of malnutrition on the responses to fluid therapy 
are frequently expressed, there is very little data to underpin 
these concerns.72?5 

Related to concerns about the impact of bolus therapy 
on outcomes, the fact that fluid accumulation in critically 
ill children is associated with increased respiratory 
problems??*25 and increased mortality in children requiring 
renal replacement therapy? 

A recent recommendation from the International Liaison 
Committee on Resuscitation (ILCOR)" suggested that 
resuscitation for severe sepsis with shock should start with 
volumes of 20 mL/kg with review of clinical responses. This 
would seem reasonable, and it is also important to note that 
during the course of PICU stay the hemodynamics of patients 
admitted with fluid refractory septic shock may change, with 
varying requirements for additional fluid therapy and/or 
inotropic therapy ?* Thus, ongoing therapy should be guided 
by clinical responses together with careful monitoring of 
both hemodynamics and fluid balance. 


Dengue 


In the setting of dengue with shock, administration of 
fluids boluses of approximately 20 mL/kg is associated with 
a significant improvement in mortality,” and there are 
concerns about possible adverse effects from larger volumes. 


Trauma 


In the trauma setting, recent recommendations for fluid 
resuscitation suggest a more conservative approach with 
volumes of 10 mL/kg per bolus until bleeding is controlled,?? 
and there is animal evidence that the stepwise administration 
of small volumes of resuscitation fluids (vs. bolus therapy) 
may be associated with improved outcomes.*! Critically 
ongoing bleeding in trauma requires transfusion of blood, 
and may require the implementation of ^massive transfusion" 
guidelines, which would include coagulation products such 
as platelets and plasma. The use of tranexamic acid is also 
recommended in these patients to limit bleeding. 


Burns 


There is a growing realization that many patients with severe 
burns were suffering significant complications that could 
be directly attributed to excessive fluid resuscitation and 
maintenance.? Clearly, this may be related to overestimation 
of the burn size which may happen commonly.? Thus, 
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although fluids are clearly required for resuscitation, care 
must be exercised to avoid administration of excess. 


Choice of Fluids for Resuscitation 


There has been considerable discussion on the relative 
merits of different fluids given for resuscitation. In principle, 
the electrolyte content of resuscitation fluids should not be 
too different from that of plasma, and there is agreement that 
glucose should not be added to resuscitation fluids. Although 
there has been controversy on the relative benefits of colloids 
(fluids with large molecular weight molecules such as 
albumin or synthetic molecules suspended in a crystalloid 
solution) versus crystalloid solutions, there is little evidence 
for both adults and children that the use of (more expensive) 
colloids for resuscitation is associated with lower mortality 
than the use of crystalloid solutions.?3*95 

The content of fluids commonly utilized for resuscitation 
is shown in table 1. 


Crystalloids 


Some of the benefits associated with crystalloids are 
the relatively low cost of manufacture and the lack of 


TABLE 1. 


Solution -Sodium . 


(mmol/L) . 


i Osmolality 
(mOsmol/L) 


Chloride 
(mmol/L 


specialized storage requirements such as refrigeration. The 
most commonly used crystalloid is 0.9% saline (so-called 
“normal” saline). However, there is growing evidence that 
0.9% saline may not be the optimal fluid for resuscitation 
as administration is associated with problems such as 
hyperchloremic metabolic acidosis. “Balanced salt 
solutions” and Ringers lactate may be preferable to 0.9% 
saline for resuscitation in both septic shock and diabetic 
ketoacidosis.*” 

Hypertonic saline has been studied as a possible 
alternative to 0.996 saline in septic shock, but does not appear 
to have significant advantages? There is one reported study 
in patients following cardiac surgery that hyperoncotic 
and hypertonic’ fluids were associated with improved 
hemodynamics.? 


Colloids 


Colloids rather than crystalloids have been recommended 
for resuscitation on the basis that lower volumes would be 
required for resuscitation and those volumes would stay 
within the intravascular space for longer than crystalloids. 
Both of these reasons may be inaccurate as although a 
volume ratio of 1:3 has been described for colloids versus 


Content and characteristics of commonly used intravenous fluids (human plasma data put in for comparison) 


Glucose 
(mmol/L) 


Potassium Caicium 
(mmol/L) — (mmol/L) 


Other (mmol/L) |. | 


| Human plasma | 291 135-145 (94-111 45-50 122-26 |- | Magnesium 0,8-1.0, lactate | 

: i | | | _1-2, bicarbonate 23-27 

| Resuscitation | 

; odium chloride 0. 99 ! 154 - - | 
Ringer's lactate s solution in 54 i20 | 
! 490 human albumin solution (thi ! 128 - 2 | 

: can vary in electrolyte content | 

: across the world with different . | 
, producers) - | 1 
| Plasmalyte BO 291 | 98 agnesium 3 acetate 27, 

L | luconate 23 | 
“Maintenance | 
! Sodium chloride n 996 and [150 ; 150 | 
| glucose : 5% ; ; 

| Sodium chloride 0.45% 77 “75 | 

| Sodium chloride 0.4596 and 75 : 75 i 

| glucose 5% 

Sodium chloride 0. 45% and 75 - - 13.89 

; glucose 2.5% 

! Half-strength Darrow's with | 434 | 61 52 17 2778 

i glucose < 5% : E 

! Sodium chloride 0.1 m and 284 31 31 - - 22.22 - 
glucose 4% : 

' Glucose 5% 278 0 i : - 2778  - HMM 

i Glucose 10% ` 555 0 - E = 5555. .- 
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«rystalloids' in practice this may be closer to 1:1.3.4! 
Likewise, fluid leak from the intravascular space is related not 


-only to pressure gradients (oncotic and hydrostatic) but also 


to dysfunction of the glycocalyx.” 

A recent systematic review** showed no benefit in 
outcomes from colloids versus crystalloids in the initial 
management of children with severe sepsis or septic shock. 

Recent evidence suggests that there is little place for the 
use of synthetic colloids in critically ill children as they are 
relatively expensive, they are associated with adverse effects 
on coagulation and renal function, and the long-term effects 
‘in children have not been well characterized. 

Aslong ago as 1998 concerns were raised about the use of 
human albumin for resuscitation in adult patients. Since that 
time a number of studies have shown that the use of albumin 
rather than saline for resuscitation may have worsened the 
outcomes of patients with traumatic brain injury; that there 
was no difference in outcomes or organ dysfunction between 
patients with septic shock resuscitated with 0.9% saline or 
4.596 albumin? (there may be some benefit associated with 
the use of albumin); and that burns patients resuscitated with 
albumin may have had higher mortality. In hypotensive 
neonates, resuscitation with albumin was associated with 


"increased return to normotension and less subsequent use of 


inotropes than 0.9% saline." 

Thus, there are no indications for the use of synthetic 
colloids in the PICU; there may be some benefits in some 
groups of patients related to albumin usage (but this must 
be offset by the significant costs relative to crystalioids), but 


fluids") 


TABLE 2 


Category 


there is no clear indication to prefer albumin over crystalloids 
in most patients. 

A recent consideration has been the effect of albumin 
administration on the availability of medication such as 
antibiotics." 


Blood Products 


Blood products such as packed red cells, fresh frozen plasma, 
and cryoprecipitate may often be utilized as part of the 
-resuscitation of critically ill children. However, all of these 
products are expensive, and their use is associated with 
significant side effects. They should only be used, if there are 
clear indications for their use. 


Maintenance Fluids 


The term “maintenance fluids” is commonly used to imply 
the normal fluid requirements of a patient. However, in the 
critical care environment it may be more appropriate to 
refer to “the volume of fluid required to maintain the current 
fluid balance of this patient” Critically, the amount of fluid 
administered to a patient should be related to the fluid losses 
of that patient (Tables 2 and 3 for inputs and outputs to be 
considered in the PICU). 

Fluids and electrolytes are clearly very closely related 
as changes in either fluid or electrolyte balance (or both) 
will have consequences for electrolyte concentrations 
throughout the body. 


Fluid and electrolyte inputs to be specifically considered in the pediatric intensive care unit (in addition to “maintenance 


: Responses 


Challenges 


| Enteral feeds 
: actually be absorbed by the patient — 


Cannot be entirely sure of what proportion of feed will | - 


| Vasoactive drugs Constant infusions 


j initially may be substantially altered 


| e May be varied during the PICU stay and particularly 


p- — ———— —— — 
i 
i 


. May have to adjust drug concentration to limit water 
intake 
je * May be made up with different diluents 


bleeding problems 


These products are sometimes required i in norder to 
optimize hemoglobin concentrations and contro! 


| e Planning of possible use of these products during the 
! day may enable the clinician to limit other fluids and 
achieve reasonable fluid balance 


1 
i 
i 
| 


Sedation and ; * Often constant infusions I e Can give medication orally and reduce infusion volumes : 
analgesia | e Can increase concentration of medication i 


|* May have different diluents 


ntibiotics 


fluid balance documentation 


i. Fluid administration volumes have to be included i inall | « May be possible to adjust the concentrations of the 


Medication 


i 


| arterial lines 
| e Intravenous fluids 


ie Enteral feeds 


"c 


PICU, pediatric intensive care unit. 


| Infusion systems | e This would include the flushes on central lines and ie Hypernatremia has been described related to saline 


— - ———— — 


|. containing medication infusions e 
I 
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TABLE 3 Fluid andelectrolyte outputs to be specifically considered 


Category | Challenges 
Drain losses : e Maycontain high protein losses (particularly 
| pleural drains with chylous effusions) 
Urine output | e May be substantial variation in urine output 


{ acute kidney injury 


during the course of the PICU stay, particularly if 


| Responses 


| e Measurement of volume and electrolyte content of losses 
, _ may assist in | planning ¢ of replacment therapy 


* e Measurement of volume and electrolyte content of losses. 
may assist in planning of replacment therapy 


' « May be substantial variation in electrolyte content . 


(ranging from very low in diabetes insipidus 
through! to very high with salt wasting) 


lasogastric losses 
surgical intra-abdominal problems) 


i . May be negligible, but may also be very 
clude stoma losses | substantial 


this category) ; © May be more difficult to measure 


: * May be substantial (particularly i in the setting of 


1 e Possible to measure both volumes and electrolyte contents | 
; © Inthe setting of jejunal tubes, may be possible to put 
| gastric losses back into thej jejunum 


e Inthe setting of stoma losses, | it may sometimes be 
appropriate to return stoma losses into distal mucus 
fistulae 


, * Dialysis (peritoneal or hemodialysis) or or 
: hemofiltration 


T , These losses are usually very tightly controlled, but that 
may not be true in peritoneal dialysis 

| * During renal replacement therapy, but may be possible to 

' maintain glucose levels using the dialysis technique and 

thus Stop infusions required to maintain glucose levels 


‘Although these; are e generally very (low, there 


| Skin losses - 


i orvery high water losses (burns and some 
| congenital skin abnormalities) 


may be very high salt losses {as in cystic fibrosis) 


i. ‘Virtually impossible to measure fluid losses ` : 
'| e Can be limited by ensuring appropriate surrounding | 
humidification | 


PICU, pediatric intensive care unit. 


While many critically ill children have limited fluid 
losses (particularly those with renal failure or high- 
antidiuretic hormone levels), there are patients such as 
those with diarrhea, renal disease, extensive skin disease 
(including burns), or substantial drain losses where fluid 
losses may be extremely large and in these children there is 
the dual challenge of replacement of losses with equivalent 
volumes of fluid and electrolyte content and provision of 
normal “maintenance fluids’ In the context of dehydration, 
it may be appropriate to administer fluid in excess of daily 
losses in order to replace dehydration, but in many patients 
it may be important to ensure that less fluid is administered 
than is lost in order to allow the loss of excess fluid. 

The challenge (particularly in smaller infants) is that 
the clinician is required to administer enough glucose to 
maintain glucose levels; enough calories to prevent the 
development of catabolic states; enough electrolytes to avoid 
electrolyte imbalance; medication (some medications require 
significant diluents in order to allow safe administration, and 
some medications are given as continuous infusions). Thus, 
considerable attention needs to be paid to the nature and 
volume of fluids given as an accompaniment to nutrition and 
medication (Table 4). In fact, where possible maintenance 
fluids should be administered enterally with appropriate 
feeds and fluids.” 


€ VETE ———Ó—————— HÓA —À - d - 


Intracellular Extracellular Plasma 
concentration concentration concentration 
(mmot/L) (mmol/L) (mmol/L) 


Electrolyte 


+ | 
SSoduminat) 15 [uo a 
; Potassium (K*) | 140 4 ; 

| Chloride (CI) - 15 : 


e T ———— quom 
| | Magnesium | | 1 i 
Mg“) _ PERENNE 
| Phosphate ; 1 | 
| (P0) | 


ELECTROLYTE BALANCE 
; AND CONCENTRATIONS —.—.. 


Electrolytes are not evenly distributed throughout the body 
compartments and the concentration of those electrolytes is 
shown in table 4. There are substantial differences between 
the intra- and extracellular concentrations of important 
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electrolytes, and even between interstitial and intravascular 
concentrations. Changes in the absolute and relative 
concentrations or these electrolytes may cause substantial 
changes in osmolarity across cell membranes, and be 
associated with significant complications. The dominant 


*electrolytes are sodium (Na), potassium (K), and chloride 


and the discussion will focus primarily on these electrolytes. 


Sodium 


Sodium is the dominant extracellular ion and dysnatremia 
(where Na levels are outside the normal range) is relatively 
common in sick children and may have profound 
consequences, with major impact on the brain. There is 
evidence that even relatively mild dysnatremia may be 
associated with increased morbidity in sick adults;* moderate- 
to-severe dysnatremia has been associated with brain injury 
and death in children;?? and correction of dysnatremia has 
been shown to improve outcomes in adults.?! 

Patients may be admitted to the PICU with dysnatremia 
as a consequence of previous disease (gastroenteritis, 
diabetes insipidus, etc.) or may develop dysnatremia 
in while in the PICU as a consequence of inappropriate 
administration of fluids—both in volume and in electrolyte 
content. In general, patients with excessive loss of fluids are 
at increased risk of hypernatremia, while those with excessive 
fluid administration (or retention of fluid) are more at risk of 
hyponatremia. . E 

Fluid and electrolyte losses from the body will depend 
on the site of the losses. The Na contents of saliva and 
gastric fluids range between 60 and 80 mmol/L, while small 
bowel contents and fluid from the bile duct range from 
120 to 140 mmol/L. While glomerular filtrate is generally 
about 140 mmol/L in health, the Na content of urine can 
range between 1 and 300 mmol/L? depending on the 
physiological situation (under the influence of hormones 
such as aldosterone). Thus, the relative risks of hypo- and 
hypernatremia can be predicted depending on particular 
fluid losses. 

Since the 1950s, recommended intravenous fluid volumes 
and Na content were based on the work of Holliday and 
Segar.! However, since the 1990s there has been increasing 
recognition that children with a wide range of conditions*** 
are at risk of hyponatremia when given intravenous fluids, and 
this is related to both the volume of fluids and the electrolyte 
content of those fluids. The underlying physiology in many 
situations probably relates to high levels of antidiuretic 
hormone?! (the capacity to retain fluid during illness 
or injury would presumably carry a strong evolutionary 
advantage in environments without intravenous access). 
Intravenous fluids with high free-water content will also add 
to the risks of developing hyponatremia. 

Current recommendations for maintenance fluids in 
sick children suggest the use of volumes 50-70% of those 


predicted by Holliday and Segar, and the use of isotonic fluids 
(essentially those with Na concentrations close to those of 
plasma). 

Together with close attention to fluid and electrolyte 
administration and losses, monitoring of patients with 
significant volumes of intravenous fluid administration 
should include regular measurement of serum electrolyte 
levels” with appropriate adjustment of both fluid volumes 
and electrolyte content. 


Potassium 


Although potassium is the major intracellular anion it is 


found in relatively low concentrations in the extracellular 


space. Many intravenous fluids given in the PICU have 
tended to have low-potassium concentrations in view of the 
concerns related to hyperkalemia (particularly in patients 
who may have disordered renal function). However, many 
patients do develop hypokalemia on these fluids? and it may 
be appropriate to increase the potassium content of fluids 
once hyperkalemia has been excluded. 


Chloride : 


Chloride levels are usually in balance with sodium, but the 
concentrations in the extracellular fluid are substantially 
lower than that of sodium. Increase in chloride levels 
relative to sodium will be associated with the development 
of metabolic acidosis (while reductions such as happen with 
diuretic therapy may be associated with alkalosis). A concern 
with the use of fluids with equal concentrations of sodium 
and chloride is that this is associated with the development 
of metabolic acidosis. 


&CONCLUSION€ .—. 


Where possible, fluids should be given to (even) critically 
ill children via the enteral route. However, where this is not 
possible it is important to carefully monitor fluid balance 
(as both dehydration and fluid overload are associated 
with worsened outcomes). Isotonic fluids are generally 
utilized for resuscitation, but increasing evidence suggests 
that this may also be appropriate for fluid maintenance. 
Replacement of fluid losses should take into account the 
electrolyte content of the fluids that are being lost. Finally, if 
significant volumes of intravenous fluids are administered 
to sick children, it is essential to carefully monitor the levels 
of electrolytes such as sodium and chloride. Remarkably, 
we Still have large gaps in our understanding of how fluids 
should optimally be used for resuscitation in a wide variety of 
settings. Future research will have to address these concerns. 
However, given the complexity of pathophysiology related 
to conditions such as sepsis, and the range of responses 
possible to a wide range of pathogens, it seems unlikely 
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that fluids are the "magic bullet and more likely that fluid 
therapy during resuscitation will need to be tailored to the 
needs and responses of individual patients. 
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CHAPTER 


Antibiotic Resistance: 
A Global Threat 


Banani Poddar 


H INTRODUCTION |... 
Infections have plagued man since the beginning of human 
existence. It was not until the spectacular discovery of 
penicillin by Alexander Fleming that man found an effective 
method of treating patients with infections. This turned 
out to be a turning point in medicine as innumerable lives 
were saved by antibiotics. Over the years, newer and better 
antibiotics have enabled medicine to progress such that 
more complex therapies and procedures are regularly 
performed. These include organ transplantation, placement 
of prosthesis, cancer chemotherapy, and complex surgeries. 
However, resistance to antibiotics has been growing at an 
alarming rate and threatens this progress in medicine. 


li WHAT IS ANTIBIOTIC RESISTANCE? 


Antibiotic resistance is the ability of microbes to grow in the 
presence of a drug, which would normally be lethal to them or 
limit their growth.! In other words, microorganisms that are 
not inhibited by usually achievable systemic concentration of 
an antibiotic agent with normal dosage schedule are said to 
be resistant. 


WHAT ARE THE EFFECTS 
OF ANTIBIOTIC RESISTANCE? _ 


Infections that could normally be treated with antibiotics 
would not respond to antibiotics leading to the use of more 
powerful (and often more expensive) antibiotics, thus 
escalating cost of therapy and prolonging hospital stay. 
Further, in certain situations, infections may not respond 
to all available antibiotics, thus increasing mortality. Much 
of the progress in medicine depends on the use of effective 
antibiotics. This ranges from simple surgeries like cesarean 
section to complex therapies such as organ transplantation. 
None of these would be possible without effective antibiotics 
and the threat of return to the “preantibiotic era" is very real 
and calls for urgent action. 


[HISTORY OF ANTIBIOTIC RESISTANCE —-. 


Man and microbes have always been at war with each other. 
Any effective anti-infective therapy introduced by man 
is countered by the emergence of resistance, making the 
therapy ineffective over a few years of use. Sulfonamides were 
perhaps the first effective antibiotics and resistance to these 
developed in the late 1930s. Alexander Fleming, in his Nobel 
Prize acceptance speech in 1945, warned about resistance 
to penicillin and recognized some of the risk factors for 
development of resistance. He said “It is not difficult to make 
microbes resistant to penicillin in the laboratory by exposing 
them to concentrations not sufficient to kill them, and the 
same thing has occasionally happened in the body. The time 
may come when penicillin can be bought by anyone in the 
shops. Then there is the danger that the ignorant man may 
easily underdose himself and by exposing his microbes to 
nonlethal quantities of the drug, make them resistant’? 

It is interesting to note that even before penicillin was 
widely used, in 1940, a bacterial penicillinase was discovered! 
This assumes great significance as recent investigations have 
revealed that several genes, which confer resistance, are 
found naturally in microbes.’ 

In the 1950s, genetically transmissible antibiotic 
resistance was identified in Japan. Since then, the literature 
about transfer of resistance by plasmids, integrons, and trans- 
posons has grown enormously. The practical implications of 
this genetic transfer have become obvious as the burden of 
antibiotic resistance is growing. 

The timeline of introduction of antibiotics and develop- 
ment of resistance is shown in figure 1. 


Ei WHY DOES RESISTANCE 
d OCCUR AND WHAT SUSTAINS IT? 


Antibiotic resistance is either intrinsic (ie, natural) or 
acquired. Some bacteria are intrinsically resistant to certain 
classes of antibiotics. However, in some, resistance is either 
acquired due to mutations. And in some instances, resistance 
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FIG. 1: Timeline of introduction of antibiotics and development of resistance 


is conferred by genetic elements, which are transferred from 
one organism to the other. 

Bacteria haveto compete with each other for nutrition and 
otherresources and hencethey naturally produce substances, 
which can harm each other.* These natural substances have 
been deployed by humans as antibiotics. Just as antibiotics 
exist in nature, these microbes also produce substances, 
which can nullify the effect of these antibiotics; in other 
words, mechanisms to resist the effects of antibiotics occur 
naturally in these microbes. The exact reason why substances 
with antibiotic properties are produced by microbes is not 
clear; perhaps bacteria use these as signaling molecules. 
Hence, there is a fine balance in the environment which 
keeps the microbial numbers in check. The introduction and 
large-scale use of antibiotics by humans has changed all this 
and tilted the balance in favor of antibiotic resistance. The 
following factors have enhanced antibiotic resistance: 

* Excessive use of antibiotics: 
. © Prescribed for wrong/flimsy indications: Since 
antibiotics are relatively harmless, these have been 
prescribed extensively, often for viral infections 


or noninfectious causes. In developing countries, 
antibiotics are available over the counter and hence 
these are often overused 
o Prescribed for inadequate or excessively long 
durations: When antibiotics are self-prescribed, 
often the dose and duration are inadequate. On the 
other hand, in critically ill patients or hospitalized 
sick patients, prolonged courses of antibiotics are 
prescribed 
o Prescribed in an inadequate dose 
o Multiple antibiotics prescribed, 
hospitalized patients 
* Spurious antibiotics: Generic antibiotics are often 
inadequately regulated and the quality and strength 
remain unchecked 
e Extensive use of antibiotics in the poultry and meat 
industry 
*  Extensiveuseofantibioticsin agriculture and aquaculture. 
The last two have resulted in the wide dissemination of 
antibiotics in the environment and humans are exposed 
to antibiotics in food, thus building an environment 


especially in 
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conducive to antibiotic resistance. In addition to all the 
above, large quantities of antibiotics have been dumped in 
the environment without concerns regarding the long-term 
effects of this dumping. 

Human-to-human transmission of resistant microbes 
occurs to a large extent in health care settings. In areas of 
high-antibiotic use, such as intensive care units, patients are 
heavily colonized with resistant bacteria and transmission of 
such infections, too, is highest in these settings as healthcare 
workers come in close contact with these patients. Human-to- 
human transmission also occurs in the community through 
environmental contamination (fecal-oral transmission). 
Animal-to-human transmission occurs either through 
environmental contamination (water, food, etc.) or through 
the food chain. 

Figure 2 aptly depicts the contribution of various factors 
to antibiotic resistance. 


DISTRIBUTION OF ANTIBIOTIC RESISTANCE 


| GEOGRAPHICAL 


Antibiotic resistance is a global problem and exists 
everywhere. However, there are geographical differences, 
and the burden is higher in developing countries. 

Molton et al. in a recent review on the global spread of 
drug-resistant bacteria, bemoans the rapid spread of New 
Delhi metallo--lactamase-1 (NDM-1) across the globe thus 
"Since antibiotics were first used, each new introduced class 
has been followed by a global wave of emergent resistance, 
largely originating in Europe and North America where 
they were first used. Methicillin-resistant Staphylococcus 


"Contribution of factor as a driver of AMR 


Evidence that factor sorarbutes m AMR 
A, mass drug PE A B. travel; -C, erm vascinatiai *b, 
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aureus spread from the United Kingdom and North 
America across Europe and then Asia over more than a 
decade. Vancomycin-resistant enterococci and Klebsiella 
pneumoniae carbapenemase (KPC)-producing Klebsiella 
pneumoniae followed a similar path some 20 years later. 
Recently, however, metallo-p-lactamases have originated 
in Asia. New Delhi metallo-B-lactamase-1 was found in 
almost every continent within a year of its emergence in 
India. Metallo-B-lactamase enzymes are encoded on highly 
transmissible plasmids that spread rapidly between bacteria, 
rather than relying on clonal proliferation. Global air travel 
may have helped facilitate rapid dissemination"* 

Excellent interactive graphs of the geographical distri- 
bution of antibiotic resistance are available at the link http:// 
resistancemap.cddep.org/resmap/resistance. 


= MECHANISMS OF RESISTANCE _ 


Antibiotic resistance is produced by one of the following 

mechanisms: 

e Enzymes produced by bacteria, which lyse the antibiotic 

- oralter its structure, e.g., B-lactamases 

e Alteration ofthe target, e.g., resistancetofluoroquinolones 

e Inability ofthe antibiotic to reach adequate concentration 

in the bacterial cell: 

o Inability of the antibiotic to reach the SUCI cell, 
e.g., altered porin channels : 

o Efflux ofthe antibiotic from the bacterial cell. : 

In each of the above mechanisms, it can be deduced 

that the antibiotic is either unable to reach the target site of 

action or does so in an inadequate concentration:and hence 

is unable to act on the bacteria. Figure 3 diagrammatically 

represents the mechanisms of action of antibiotics Bhd how 

bacteria develop resistance to them. : REE AINE 
Acomplete review on this topicis beyond the: scope of this 

article; each of the mechanisms is briefly described and their 

implications in clinical antibiotic prescribing highlighted. 


Beta-lactamases 


Penicillinase, the forerunner of p-lactamases was discovered 
even before penicillin was widely used. ‘Widespread use 


of B-lactam (BE) antibiotics has led'to a large number of 


enzymes, which degrade these antibiotics and these are 
known as -lactartiases. They target the BL ring’ of these 
antibiotics and degrade penicillins,’ cephalosporins, 
carbapenems, and monobactams. Each effort ‘by! humans 
to counter mechanisms: of -resistante has tet with more 
complex ‘and broad:spectium ‘f-lactdmasesi! Many of'these 


are genetically .deterttüned ' ‘énd 'horizontal';geie' transfer 


ensures: bri transmission: of resistance "These! ‘ane ved 


iib dani posücdntid infectioris: What i&-miost wottóvie 
is the ‘fact that "many: ‘of these: are ‘now respohisible-dor 
commuinity-ácqüired ‘infections: Today; P-lactariases “are 


qub 
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Antibiotic targets 


Cell wall 
> B-lactams 
* Vancomytin e 


DNA/RNA synthesis 
* Fluoroquinolones 
* Rifamycins 


Folate synthesis 
* Trimethoprim 
* Sulfonamides 


Celi membrane 
* Daptomycin 


Protein synthesis 


«Linezolid 
* Tetracyclines 
*Macrolides 


*Aminoolycosides 


DNA, deoxyribonucleic acid; RNA, ribonucleic acid. 


Antibiotic resistance 


Efflux 

* Fluoroquinolones 
* Aminoglycosides 
* Tetracyclines 

* B-lactams 

* Macrolides 


Immunity 
and bypass 

* Terracyclines 
* Trimethoprim 
*Sulfonamides 
* Vancomycin 


Target Modification 
* Fluoroquinolones 

* Rifamycins 

* Vancomycin 

* Penicillins 

e Macrolides 

* Aminoglycosides 


Inactivating enzymes 
* B-lactams 

* Aminoglycosides 

* Macrolides 

* Rifamycins 


FIG. 3: Diagrammatic representation of the mechanisms of action of antibiotics and how bacteria develop resistance to them 


the most important determinants of antibiotic resistance, 
especially in Gram-negative pathogens. 

A classification of the B-lactamases, the antibiotic 
substrates on which they actand their inhibition by clavulanic 
acid or other B-lactamase inhibitors (BLI), is available. The 
evolution and a simplistic classification of B-lactamases are 
as follows: 

e Early B-lactamases only hydrolyze penicillins 

* Broad-spectrum f-lactamases hydrolyze modified 
penicillins (e.g, aminopenicillins) and the narrow- 
spectrum cephalosporins. These are easily inhibited by 
clavulanic acid or other BLI 

e Extended spectrum f.-lactamases (ESBL) hydrolyze third 
and fourth generation cephalosporins and monobactams, 
but are inhibited by BLI 

e AmpC B-lactamases hydrolyze cephamycins in addition 
to cephalosporins and are not inhibited by BLI 

e Carbapenemases hydrolyze carbapenems, as the name 
suggests, and are not inhibited by BLI. The detection of 

NDM in 2008 and its spread across the globe has raised 

alarm bells regarding the rapid spread of antibiotic 

resistance. 

It is obvious that the impact of B-lactamases in clinical 
practice is far from trivial. Knowledge regarding the strains 
of organisms prevalent in each location and their antibiotic 
susceptibility is important for starting empirical therapy in 
patients. The important B-lactamases, their characteristics, 
and potential treatment options is as seen in table 1." While it 
isgenerallyacceptedthat carbapenems arethe drugsofchoice 

410 in serious Gram-negative infections (if ESBL is suspected), 


recent literature is challenging this concept. A combination 
of BL-BLI may be considered in several situations to prevent 
the widespread emergence of carbapenem resistance. "? 


Alteration of the Target 


Antibiotic resistance to aminoglycosides, macrolides, 
fluoroquinolones, and vancomycin is commonly due to 
modification of the target. 

One of the novel enzymes, which have recently been 
described are the methyl transferases.? These enzymes occur 
naturally and are used as a natural defense by organisms, 
which produce aminoglycosides; however, they have recently 
been described in pathogenic bacteria. They alter the 
ribosomal ribonucleic acid (rRNA), thus causing resistance 
to aminoglycosides, phenicols, lincosamides, oxazolidinones 
and streptogramin A. Resistance could, however, potentially 
be conferred to macrolides and other antibiotics, which 
use this pathway to disrupt bacterial protein/nucleic acid 
synthesis. These methyltransferases are plasmid mediated 
and are widespread in distribution. They confer a high degree 
of resistance to aminoglycosides and could potentially prove 
as dangerous as the D-lactamases. 


Inability of the Drug to Achieve Adequate 
Intracellular Concentration 
Drugs enter the bacterial cell through channels known as 


“porin” channels. Several bacteria develop resistance to 
antibiotics by altering these channels. Further, efflux pumps 
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TABLE 1 Characteristics of important B-lactamases and potential treatment options 


Ambler 
class 


Enzymes 


Activity 


residue location 


Serine Plasmid 


Active site Resistance gene 


B-lactams inactivated Examples of current treatment 


options 


First-to-fourth | e Carbapenems, possibly BLBLIs, 


| 
i + generation e.g, piperacillin-tazobactam | 
| | | Cephalosporins, | in low inoculum, nonsevere | 

Ecos | | FEMME Aztreonam, older BLBLIs | infections, such as cystitis | 

; AmpC ; Carbapenemases C i Serine i Chromosomal i First-to-third generation | Cefepime (in select patients, — | 

| ; : | (inherentinsome — ! Cephalosporins older ^^  suchasthoseneedingonlya — ; 

| | ; genera, such as ‘ BLBLIs, Carbapenems short course of therapy, low- — | 

| | ! | Enterobacter, i i inculum, nonsevere infections) 

i | | | Serratia Citrobacter), | ! e Carbapenems | 

i ! | occasionally i | 

i | | plasmid | , NM | 

| KPC | Carbapenemases iA Serine - | Fisst-to-fourth . | e More data needed 

| | | generation i © Polymyxin, Tigecycline, and 

| | Cephalosporins, ; Aminoglycosides combination 

| | Aztreonam, older | treatment, consider including a 

; i BLBLIs, Carbapenems | Carbapenem 

! j © Cystitis: Fosfomycin (oral) 

| | "| Nitrofurantoin 

H rarer i m T E CERE E ny A CT A UC : 

i NDM iCarbapenemases B "i Zinc |- | First-to-fourth | e More data needed 

| | | i | | generation | Polymyxins, Figecycline, and 

l | i | Cephalosporins, older | ^ Aminoglycosides Aztreonam 

| BLBUs,Carbapenems — | combination treatment, 

: | l | -consider including a 

l | | | | Carbapenem 

i | | | | © Cystitis: Fosfomycin (oral) 

pee | | : i Nitrofurantoin 

| OXA-48 | Carbapenemases | D Serine - First-to-fourth ! e More data needed 

i group | generation è Polymyxins, Tigecycline, and 

i | Cephalosporins, |  Aminoglycosides 

| i Carbapenems. — « Considera B-lactam in . 

| i Variable or diminished cornbination with the above, 

| | | hydrolysis of third choice dependent susceptibility 

| i or fourth generation testing 

| | Cephalosporins possible | © third-generation Cephalosporin 

| | : (e.g. ceftazidime) may retain 

| | : activity and may be preferable 

E | f i toCarbapenems — 


Note: Older BLBLIs are amoxicillin-clavulanate, ampicillin-sulbactam, piperacillin-tazobactam and ticarcillin-clavulanate. New BLBLIs such as Ceftazidime-avibactam 
and Aztreonam-avibactam have activity against ESBLs, AmpCs, and KPCs. Aztreonam-avibactam has activity against NDMs. 


BLBLI, f-lactam B-lactamase inhibitor; ESBL, extended spectrum B-lactamase; KPC, Klebsiella pneumoniae carbapenemase; NDM, New Delhi metallo-B-lactamase, 


are activated or incorporated, which actively pump out the 
antibiotics. Resistance to fluoroquinolones, macrolides, and 
aminoglycosides often occur due to these mechanisms. 


"Inoculum" Effect 


When a large number of bacteria infect the patient, this is 
said to be a large “inoculum” In such a scenario, antibiotics 
which under-laboratory conditions are effective against the 
cultured organisms may not be effective clinically. The high 
density of bacteria produces substances, which render the 
antibiotic ineffective (e.g., hydrolyzing enzymes)? 


Role of Biofilms in Antibiotic Resistance 


Biofilms are a collection of bacteria, often of more than one 
species, enmeshed in an extracellular matrix." Various 
signaling molecules and substances for “quorum sensing” 
are deployed in these biofilms. Antibiotics are unable to 
penetrate into this biofilm; thus a mechanism to escape 
their action. Any foreign substance introduced into the body 
(endotracheal tube, central venous catheter, urinary catheter, 
medical implant, etc.) acquires a biofilm over time. Bacteria, 
which are rapidly multiplying are released from time to 
time from these biofilms and when tested for antibiotic 
susceptibility, they are found to be susceptible. However, 
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the biofilm harbors slow growing "persisters; which are less 
susceptible to antibiotics. Immune cells, also, are often unable 

-to reach the biofilms to eradicate bacteria. The importance of 
biofilms in persistence of infection and antibiotic resistance 
is increasingly being recognized. 


& GENETICS OF BACTERIAL RESISTANCE _ 


Mostofthe medically importantantibiotic resistance is acquired 
either due to mutations or mobile-genetic elements. While 
resistance due to mutations is slow to develop and depends 
on vertical transmission (from one generation to the next), 
mobile-genetic elements are transmitted horizontally. Not only 
are they transmitted to other bacteria of the same species, they 
‘can easily be transmitted to bacteria of other species. 


Plasmids 


These are extrachromosomal genetic materials, which 
multiply independent of bacterial deoxyribonucleic acid 
(DNA) and freely in the bacterial cytoplasm. They contain 
resistance genes (or r-genes) and these are easily exchanged/ 
transferred’ between plasmids or between plasmids and 
chromosomes. : 

Plasmids have emerged as one of the most important 
vehicles of antibiotic resistance. 


Transposons 


These are sequences of DNA, which move around the genome 
ofa bacterial cell. Plasmids integrate a transposon and pass it 
on to other plasmids or to the bacterial chromosome. Hence, 
they are aptly referred to as "jumping genes" 


Integrons 


Integrons are large DNA sequences, which are often packed 
with multiple gene cassettes. Each gene cassette contains 
an 1-gene attached to a small recognition site. Apart from 
resistance, these integrons encode several bacterial functions 
such as virulence. Integrons are not mobile themselves; 
however, they are distributed widely in the environment and 
are crucial for the transfer of r-genes. They are considered to 
be important for resistance in Gram-negative bacteria; their 
1óle in Gram-positive bacteria is not yet clear. 

«ii^ Genetic material is transferred between bacteria by one 
ofithree mechanisms: (i) conjugation, (ii) transduction, and 
(üi)transformation. 


IMPORTANT NOSOCOMIAL 
PATHOGENS IN CRITICALLY ILL 


Bite 


4j PATIENTS AND THEIR MANAGEMENT 


Several organisms have emerged as “superbugs’ especially in 


Mo patients within the confines of the intensive care unit? The 


ESKAPE pathogens, Enterococcus faecium, Staphylococcus 
aureus, Klebsiella pneumoniae, Acinetobacter baumannii, 
Pseudomonas aeruginosa, and Enterobacter species are 
responsible for a large majority of nosocomial infections. 
‘They are notoriously difficultto treat in view of their resistance 


‘profiles and are responsible for increased morbidity and 


mortality of hospitalized patients.9!! 

Gram-negative pathogens are responsible for the majority 
of infections in developing countries such as India. These 
organisms have multiple mechanisms of antibiotic resistance 
and each organism may have genes encoding for resistance 
to multiple groups of antibiotics. Escherichia coli (or E. coli) 
and Klebsiella are the most common organisms and produce 
ESBL. AmpC, porin channel loss, and efflux pumps are also 
prevalent, but they pale in comparison to the impact of ESBLs. 
Klebsiella is further atmored with several carbapenemases 
such as KPC and NDM, all of which are plasmid mediated. 
Acinetobacter, Pseudomonas, and Enterobacter are very 
difficult to eradicate and thrive on hospital environments. 
These bacteria have thick outer membranes and are generally 
less permeable to several antibiotics. In addition, they are 
often equipped with efflux pumps. These latter bacteria 
too can acquire plasmids and thus demonstrate high-level 
antibiotic resistance. 

Suggestions regarding their treatment are shown in 


table 1. Treatment needs to be individualized considering 


susceptibility results, pharmacodynamics and pharmaco- 
kinetics, site.of infection, and patient factors (risk profile, 
allergies, and organ failures). The polymyxins are toxic drugs, 
which are being used again today due to the emergence 
of resistance; however, Serratia, Proteus, and Providencia 
are inherently resistant to these. Tigecycline, a newer 
antibiotic has no activity against Pseudomonas, Proteus, 
and Providencia. Moreover, it is bacteriostatic and achieves 
poor serum and urine levels. Hence, it should not be used as 
monotherapy in bloodstream infections or in urinary tract 
infections. 

Gram-positive organisms, on the other hand, have 
simpler peptidoglycan-rich cell wall and hence penetration 
of antibiotics is not an issue. Enterococcus is a fastidious 
organism and is inherently resistant to certain antibiotics 
such as penicillin and aminoglycosides. However, recently, 
Enterococcus faecium is gaining importance, especially in 
complicated intra-abdominal infections. Resistance to BL 
antibiotics and vancomycin due to acquired mechanisms 
(B-lactamases and Van A mutations) have made Enterococci 
animportantnosocomial pathogen, especiallyin bloodstreara 
infections and endocarditis." Staphylococcus aureus is a 
virulent organism, which causes necrotizing infections 
(pneumonia, soft-tissue infections, osteomyelitis, etc.) and 
resistance to penicillin was first described in this organism. 
Methicillin, one of the first modifications of penicillin, was 
effective until the 1960s. Methicillin-resistant Staphylococcus 
aureus (MRSA) infections are now among the most dangerous 
infections reported from the developed countries. Initially 


seen only in hospitals, now they are routinely reported from 
the community as well. In India, resistance to methicillin is 
widely prevalent in hospital settings; recently community- 
acquired infections with MRSA have been reported. 


à WHY IS INDIA AT THE TOP 
¿OF ANTIBIOTIC RESISTANCE? 


India is peculiarly poised as on one hand it has a very high 
burden of infectious diseases and there is a need to make 
antibiotics more affordable and accessible. On the other 
hand, antibiotics are easily available and there is neither 
a check on the access nor on the quality of antibiotics and 
hence they are abused.*'? The onus of resistance in India lies 
not only with the medical fraternity, but also with the patient 
and with the lack of commitment from the government. 
Patients often self-administer antibiotics for viral infections, 
respiratory and gastrointestinal being the most common. 
Antibiotics prescribed for actual infections are very often 
taken for durations shorter than recommended and/or in 
lower doses. Similarly, at the level of the physicians, all febrile 
patients are prescribed antibiotics, irrespective of their need 
for the same. Lack of proper and timely diagnostics further 
compounds the dilemma faced by clinicians. Polypharmacy, 
especially in hospitalized patients is common. The presence 
ofa large number of generics of questionable quality and poor 
consideration for infection control policies abets antibiotic 
resistance. Policy makers have little time or inclination to 
control this looming threat; lack of commitment affects 
health and infectious diseases, in particular, at all levels— 
poor environmental sanitation, lack of provision for safe 
drinking water, lack of regulation of available antibiotics by 
the drug controller, inadequate vaccination coverage, and 
inadequate infection control policies. Unregulated use of 
antibiotics in animal industry, agriculture, and aquaculture 
also adds to the problem. 


8i WHAT NEEDS TO BE DONE 


8 TO CONTROL ANTIBIOTIC RESISTANCE? - 


Fortunately, a lot can be done and needs to be done. These 
could be divided as action required from: 
e Clinicians: 
o Judicious use of current antibiotics 
o Antimicrobial stewardship 
e Microbiologists: 

o Rapid diagnostics to aid the diagnosis of infections 

with timely antimicrobial sensitivities 
e Hospital administrators: 

o Ensure implementation of hospital infection control 
policy including proper waste management and 
antimicrobial stewardship 

e  Pharmacologists and drug manufacturers: 
o Ensure proper quality of drugs that are marketed 
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o Promote research on new drugs to combat infections 
e Policy makers: 
Environmental sanitation 
Clean drinking water 
Vaccination 
Regulation of drugs available in the market 
National policy on antimicrobials 
Encourage research in infectious diseases 
e One health approach: 
o Integrating the health needs of humans and animals 
and stopping or minimizing the use of antibiotics in 
agriculture and aquaculture. 


oO Oo 0 O O O 


Judicious Use of Antibiotics 


The life of the current antibiotics can be extended, if every 
clinician follows the principles of antimicrobial stewardship. 
These include: 

The right patient 

The right drug 

The right dose 

The right duration 

Deescalation. 


Right Patient 


Aproperindication to start a particular drug is based on locally 
prevalent organisms and risk factors. Risk stratification of 
patients prevents unnecessary antibiotics in low-risk patients 
and appropriate therapy in high-risk patients. However, it is 
imperative on the clinician to send the appropriate laboratory 
workup (including cultures) to be able to quickly identify the 
responsible organism and tailor the antibiotic regime to the 
reports, ` f 


Right Drug 


Clinicians can choose the right drug for patients only if 
the prevalent microbiology is known. Inability to start 
appropriate antibiotics leads to adverse outcomes. 


Right Dose and Duration 


As discussed previously under dosing abets antibiotic 
resistance, depending on the severity of illness, the highest 
possible dose of the drug required for that particular infection 
should be given. If facilities for drug level monitoring 
are available, adequate levels should be achieved and 
maintained. Further, the drug should be continued for an 
adequate duration. Prolonged duration of antibiotics also 
promotes fhe selection of resistant organisms; hence, these 
should be avoided. 

Simultaneous with the above two, a search for the source 
of infection should include appropriate radiological imaging. 
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Source control (eg, drainage of infected collections) is Role of the Microbiology Laboratory 
equally important as antibiotics often do not penetrate 
infected collections. Lack of appropriate diagnostics drives antibiotic 


Deescalation 


This is the step where most clinicians falter. Once cultures 
are available, antibiotics should be tailored to the narrowest 
spectrum possible. If cultures are negative, antibiotics should 
be considered to be stopped. Noninfectious causes should 
be sought, if cultures are negative. If the patient's condition 
‘has improved significantly, parenteral therapy should be 
switched to oral therapy. 


Antimicrobial Stewardship Program 


Ideally, every hospital needs an antibiotic stewardship 
program, which ensures the judicious use of antibiotics. 
Certain drugs should be considered “reserved” and should 
require prior authorization or justification. 

Nathwani et al. described antimicrobial stewardship as 
an “interprofessional effort across the continuum of care. It 
involves timely and optimal selection, and dose and duration 
ofan antibiotic for the best clinical outcome for the treatment 
or prevention of infection with minimal toxicity to the patient 
and minimal impact on resistance and other ecological 
adverse effects"! 

Centers for Disease Control has defined the core 
elements of an antimicrobial stewardship program as 
below: 

* Leadership commitment: Dedicating necessary human, 
financial, and information technology resources 

e Accountability: Appointing a single leader responsible for 
program outcomes. Experience with successful programs 
show that a physician leader is effective 

e Drug expertise: Appointing a single pharmacist leader 
responsible for working to improve antibiotic use 

* Action: Implementing at least one recommended action, 
such as systemic evaluation of ongoing treatment need 
after a set period of initial treatment (i.e., “antibiotic time 

out" after 48 h) 

* Tracking: Monitoring antibiotic prescribing and resistance 
patterns 

* Reporting: Regular reporting information on antibiotic 
use and resistance to doctors, nurses, and relevant staff 

* Education: Educating clinicians about resistance and 
optimal prescribing. 


Outpatient Parenteral Antibiotic Therapy 


Another important intervention to prevent colonization with 
resistant patnogens is to discharge a patient early and, if 
continued, parenteral antibiotic therapy is required, this can 
be continued on an outpatient basis. 


resistance.1?19!7 If a reliable method of diagnosis, which 
is accurate and has a rapid turnaround time is available, 
clinicians would prefer to use it before empirically prescribing 
antibiotics. Unfortunately, most methods of diagnosis are 
expensive (as they require an expensive laboratory set up), 
time consuming (take up to several days for cultures) and are 
yet not 100% sensitive and/or specific. 

Biomarkers such as C-reactive protein and procalcitonin 
can guide antibiotic therapy to some extent but cannot be 
used as the gold standard. However, incorporating such 
biomarkers in the treatment algorithms decreases the 
duration of antibiotic exposure. Research for more reliable 
markers is ongoing. 

The turnaround time for cultures has been progressively 
decreasing. Recent automated systems need 4-6 hours to 


have a reliable report (VITEK-2 system). However, sometimes 
-the appropriate sample cannot be taken in time and hence 


cultures may be negative. Molecular diagnostics such as 
polymerase chain reaction, matrix-assisted laser desorption/ 
ionization time-of-flight mass spectrometry and next 
generation sequencing have revolutionized diagnostics and 
have improved accuracy and time to reporting. Needless 
to say, such laboratory diagnostics need costly laboratory 
infrastructure and may not be feasible in low- and middle- 
income countries. 

Reliable but cheap tests, which require minimal 
infrastructure, with a focus on chromogenic tests are required 
in low- and middle-income countries. 


ALTERNATIVES TO ANTIBIOTICS: 
WHAT THE FUTURE HOLDS _ 


Several alternatives to antibiotics are in the pipeline and 
seem to be promising. However, none of them have reached 
the stage of being marketed and would require time to be 
accepted as standard therapy.! Some of the approaches are 
detailed in table 2. 


Quorum Sensing 


Bacteria have unique mechanisms of communication and 
signaling with the use of certain chemical substances. These 
act as autoinducers and allow the bacterial population to 
coordinate gene expression for virulence, conjugation, 
apoptosis, mobility, and resistance. Substances, which inhibit 
these signaling molecules could render whole colonies of 
bacteria ineffective and thus promote their destruction. Some 
such substances have been found in natural substances, 
e.g. garlic extracts. Some substances have been synthesized 
too. Animal models of inhibitors of quorum sensing have 
shown promising results. 
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TABLE 2 Alternative approaches to antibiotics 


Newer therapy Mechanism of action/therapeutic potential 


` Antibodies : Antibodies that either bind to the organism 
; or its virulence factor or its toxin 


“Phage therapy” 


i | Either wild type bacteriophages, which infect : 

bacteria and destroy them or engineered 

; phages which can perform certain specific 
| antibacterial action 


Lysins 


: ! Lytic enzymes (as found in saliva or mucus), 
_ which have a direct lytic action due to their 
action on cell wall 


| | Inhibitors " 
i | quorum sensing - 


i | See details in text 


! inhibit bacterial replication: 


i | Agents to 
| target type lla 
i topoisomerases 


i These inhibit cell membrane formation in 

peptides or | bacteria and are effective in a Gram-positive 

lipopeptides | and Gram-negative bacteria. Potential for B 
resistance considered very low as bacteria will | 
its to change their entire cell membrane | 


i 
i 


i Antimicrobial 


| Efflux pump 


: Inhibit efflux pumps l 
| | inhibitors | | 
fl CONCLUSION 


It is obvious that resistance to antibiotics is fast expanding 
globally and is a threat to medicine and its progress. Simple 
diseases and procedures could become life threatening, if 
antibiotic resistance is not contained. The responsibility to 
judiciously use this precious resource lies with the physician; 
however, action is required from almost every walk of society. 
The rampant use of antibiotics in animal industry (or rather 
and food industry) and in agriculture should urgently be 
checked. Implementation of antibiotic stewardship program 
at every healthcare facility and on the larger scene, nationally, 
is an important step to improve the life of current antibiotics. 
While newer antibiotics do not seem to be on the horizon, 
alternative strategies to treat infections are being tested and 
could change this gloomy picture. 
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| CHAPTER | 


Management of Pediatric Acute Respiratory 
Distress Syndrome 


Prabhas P Giri 


P INTRODUCTION — 
Acute respiratory distress syndrome (ARDS) is a clinical 
syndrome of pulmonary inflammation following direct or 
indirect pulmonary insult characterized by hypoxemia and 
respiratory failure. Children have varying incidence of acute 
lung injury (ALI)/ARDS from 2.2 to 16 per 100,000 pediatric 
populations associated with high morbidity, mortality, and 
financial burden. The traditional diagnostic criteria include 
acute onset, severe arterial hypoxemia resistant to oxygen 
therapy alone [partial arterial pressure of oxygen (Pa0,)/ 
fraction of inspired oxygen (FiO;) ratio «200 for ARDS and 
«300 for ALI], diffuse pulmonary inflammation (bilateral 
infiltrates on chest radiograph), and no evidence of left 
atrial hypertension on echocardiography. But recently the 
diagnostic criteria of pediatric ARDS (PARDS) have been 
revised by the consensus recommendations from the 
Pediatric ALI Consensus Conference (PALICC)!5 (Table 1). 


3! MANAGEMENT OF ACUTE 
RESPIRATORY DISTRESS SYNDROME — — 


Managing a PARDS, though stands on the same principles as 
in adults, but somehow different from adults in a few aspects 
and the management is broadly divided into three broad 
headings: 

1. Control of causative factors 

2. Respiratory support 

3. Nonrespiratory support. 

A dedicated team of pediatric intensivists, nursing staff 
with other supportive staff in a well-equipped tertiary level-3 
PICU is required to manage a child with PARDS. 

General guidelines have been summarized below in 
the box (Box.1). The key issues in management involve 
treating the cause or the primary insult, to provide adequate 
oxygenation and ventilation while minimizing ventilator- 
induced lung injury (VILI) to improve tissue perfusion by 
providing adequate hemodynamic support and taking care 
of the fluid, electrolyte and nutrition. 


Control of Causative Factors 


Trigger source identification and source control are of 
paramount importance in management of ARDS. Sepsis 
being a common trigger for ALI/ARDS, early, optimum, and 
appropriate antibiotic therapy is recommended in cases of 
pneumonia and septic shock. 

Clinical conditions associated with development of ALI/ 
ARDS are depicted in table 2. 


Respiratory Support 


There is wide range of variability on the degree of respiratory 
support required in ARDS. Depending on the severity it may 
range from supplemental oxygen to assisted ventilatory 
support. Assisted ventilator support may be complicated by 
volutrauma due to alveolar overdistension of the normally 
aerated lung and atelectrauma due to repeated opening and 
closing of the alveoli, both of these complications lead to 
VILI and oxygen toxicity due to requirement of high-inspired 
concentration of oxygen is also a complication of assisted 
ventilation. The goal of ventilating patients with ALI/ARDS 
is to maintain adequate gas exchange with minimal VILI. 
Mechanical ventilator support can be both noninvasive or 
invasive. 


Noninvasive Ventilation 


In ARDS-noninvasive ventilation (NIV) is an excellent option 
in pediatric age group in wide variety of conditions. Few 
studies also have proved the usefulness of NIV in mild and 
moderate ARDS. It decreases the rates of intubation as well 
as the chances of ventilator-associated pneumonia (VAP). 
An isolated nasal mask or a full face mask both can be used 
in children depending upon the situation and tolerance. 
But a recent Cochrane Collaboration review concluded that 
there is a lack of well-designed and controlled experiments 
of noninvasive positive-pressure ventilation in children with 
acute hypoxemic respiratory failure. Only one small before- 
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TABLE 1 Pediatric acute respiratory distress syndrome definition 


xclude patients with peri- -natal related lung disease 


Within 7 days of known clinical insult 


Origin of edema 


espiratory | failure no fully explained by cardiac failure or fluid overload 


' Chest imaging hest i imaging findings of new infiltrate(s) consistent with acute pulmonary parenchymal, disease 


` Oxygenation Noninvasive mechanical ventilation invasive mechanical ventilation 
n PARDS (no severity stratification) i | Moderate | Severe 
| Full face-mask bi level ventilation or CPAP 25 cmH;O? 4< OI«8 1 8«0l«16 (O12 16 
| PF ratio <300 5<0$1<7.5) | 7.5<0$1<12.3}  OSl2 123! 
| a SF ratio «264! i | 
| | Special populations 
| Cyanotic heart disease | Standard criteria above for age, timing, origin of edema, and chesti imaging witha an n acute deterioration i in | 
i _ Oxygenation not explained by ' underlying cardiac disease? | 
Chronic lung disease ! Standard criteria above for age, timing, and origin of edema with chesti imaging consistent with new infiltrate 
! _and acute deterioration i in oxygenation from baseline which meet oxygenation criteria above? 
“Left ventricular | Í Standard criteria for age, timing and origin of edema with chesti imaging changes consistent withn new inte: | | 
| dysfunction | and acute deterioration in oxygenation which meet criteria above not ‘explained by left ventricular dysfunction | 


Note: (A) Use partial arterial pressure of oxygen (PaO,)-based metric when available. If PaO, not available, wean fraction of inspired oxygen » (Fi0,) to maintain 
peripheral capillary oxygen saturation (SpO,) <97% to calculate oxygen saturation index (OSI) or oxygen saturation/FiO, ratio. (B) For nonintubated patients treated 
with supplemental oxygen or nasal modes of noninvasive ventilation. (C) Acute respiratory distress syndrome severity groups stratified by oxygenation index (Ol) 
or OSI should not be applied to children with chronic lung disease who normally receive invasive mechanical ventilation or children with cyanotic congenital heart 
disease. 


Ol = (FiO, x mean airway pressure x 100)/PaO, 
OSI = (FiO, x mean airway pressure x 100)/SpO, 


Ol, oxygenation index; OS! = oxygen saturation index. 


Box 1: Management of acute respiratory distress syndrome 


e Control of causative factors, especially medical or surgical therapy for infections 
e Respiratory support: 
o Noninvasive ventilation (NIV)—applicable in mild or early ARDS through either a nasal or a full face mask 
o Conventional invasive mechanical ventilation—the strategies are: 
- Permissive hypoxia—to prevent the lungs form oxygen induced-injury, to keep the SpO, between 88 and 92 and pO, between 60 and 
80 mmHg 
- Permissive hypercapnia—gentle low-pressure/low-volume ventilation and to accept a higher pCO, level as long as the pH is >7.2 
— Low-tidal volume (Vt) ventilation—to keep the Vt as low as 6-8 mL/kg 
- PEEP titration—to titrate the PEEP and keep it above the lower inflection point and to bring down the FiO; by 6096 
- Adequate inspiratory time 
- Judicious application of recruitment maneuvers 
- Prone positioning—in refractory hypoxemia 
o Advanced ventilation: 
- High-frequency oscillatory ventilation (HFOV)—early HFOV in selected cases vs. rescue HFOV in refractory cases 
— ECMO (extracorporeal membrane oxygenation)—the last option in refractory cases 
e Nonrespiratory support: 
o Fluid electrolytes 
o Nutrition 
o Analgesia sedation 
o Judicious transfusion of blood products 
o Hemodynamic support 
o Other supportive therapies 
e Controversial therapies: 
o Steroid 
o Inhaled NO 
o Surfactants 
o Prostacyclins 


ARDS, acute respiratory distress syndrome; SpO,, peripheral capillary oxygen saturation; pCO, partial pressure of carbon dioxide; pO,, partial pressure of oxygen; 
NO, nitric oxide; PEEP, positive end-expiratory pressure 
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TABLE 2  Causesof acute respiratory distress syndrome 


Direct injury Indirect injury 


Common: | Common: 

| * Pneumonia | * Sepsis and septic shock 

| e Aspiration pneumonia | e Severe trauma: 
Rare: | * Multiple blood product transfusion | 


| e. Inhalational injury e Transfusion-associated lung injury 


| e Drowningandnear Rare: 

| drowning | * Acute pancreatitis 

| * Pulmonary contusion | e Burn 

| © Reperfusion injury | e Disseminated intravascular 
| e- High altitude ` coagulation 

i e Strangulation i e Head injury 


f D 
| | * Drug overdose 
| e Cardiopulmonary bypass —- | 


DIC, disseminated intravascular coagulation 


after study in bronchiolitis and a very small randomized 
trial in acute hypoxemic respiratory failure have been 
published -!! 


Conventional Invasive Mechanical Ventilation 


Endotracheal intubation in needed for invasive ventilation. 
Contrary to the popular beliefs, cuffed endotracheal tubes 
can be used safely for all-age groups to ensure adequate 
positive end expiratory pressure delivery. Low pressure high 
volume cuffed (MICRO-CUFF) endotracheal tubes (ET) are 
preferred over the conventional cuffed ET tubes in pediatrics. 
Conventional invasive mechanical ventilation is associated 
with VILI. Over the decades, researchers have worked in this 
issue how to reduce the chances of VILI in a mechanically 
ventilated patient. These are the following strategies that 
are followed when ventilating a PARDS to allow a good gas 
exchange by reducing the chances of VILI. 


Permissive Hypoxia 


- Ventilator management protocol for adults published by the 
National Institutes of Health ARDS Clinical Trials Network 
(ARDSNet) recommended PaO, target is 55-80 mmHg 
[peripheral capillary oxygen saturation (SpO,) target 88- 
95%]. For children with ALI/ARDS, PaO, of 60-80 mmHg is 
usually considered safe as per expert opinion, but there are no 
studies supporting the safety of this target. High FiO, should 
be avoided to minimize the risk of direct cellular toxicity, to 
avoid reabsorption atelectasis, free-radical injury to lungs 
and systemic toxicity as well. Even though there is no clinical 
evidence to suggest a threshold value, most of the pediatric 
intensivists decrease FiO, below 0.6 as soon as possible and to 
target SpO, as low as 88-92%, but the effect of tolerating lower 
levels of oxygenation for prolonged periods on the developing 
brain is unknown; long-term follow-up studies in pediatric 
ALI/ARDS that evaluate neurologic function have not been 
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that for mild PARDS with positive end-expiratory pressure 
(PEEP) «10 cmH,0, SpO, should generally be maintained at 
92-97%. They recommend that after optimizing PEEP, lower 
SpO, levels (in the range ef 88-92%) should be considered 
for those with PARDS with PEEP at least 10 cmH,0. They also 
recommend that when SpO, is <92%, monitoring of central 
venous saturation and markers of oxygen delivery is needed. 


-Permissive Hypercapnia 


Permissive hypercapnia during mechanical ventilation has 
led to significant decrease in ARDS mortality. Low-tidal 
volume ventilation with permissive hypercapnia is a lung- 
protective ventilation strategy to prevent mechanotrauma. In 
this strategy we allow the partial pressure of carbon dioxide 
(pCO,) to be high as long as pH is >7.2. No active measure in 
ventilation to decrease the pCO, is done unless the pH is <7.2 
unless we want to neuroprotect the kid. There are also some 
theoretical concepts of downregulation of inflammatory cell 
activity and reduction of oxidant stress by inhibiting xanthine 
oxidase by keeping a relatively high pCO,. 


Low-tidal Volume Ventilation?! 


The concept of low-tidal volume (6-8 mL/kg) avoiding the 
conventional 10-12 mL/kg for ventilation is another lung- 
protective ventilation strategy. It is well accepted in adults 
as well as in pediatrics over the last decade. The aim of 
this approach is to minimize VILI. Low-tidal volume with 
permissive hypercapnia prevents the lung from barotrauma 
as well as volutrauma by preventing repetitive overstretching 
of the damaged lung. Pediatric ALI Consensus Conference 
recommend using patient-specific tidal volumes according 
to disease severity. As per these recommendations, patients 
with preserved lung compliance should be ventilated with 
tidal volume closer to the physiological range (5-8 mL/ 
kg ideal body weight), whereas patients with poor lung 
compliance should be ventilated with lower tidal volumes of 
3-6 mL/kg predicted body. These guidelines also recommend 
to aim for an inspiratory plateau pressure limit of 28 cmH,0, 
and slightly higher plateau pressures (29-32 cmH,0) for 
patients with reduced chest wall compliance (chest wall 
edema) particularly in the absence of transpulmonary 
pressure measurements. 


Positive End-expiratory Pressure Titration 


It is an integral part of “open lung strategy” in ARDS 
ventilation. It improves oxygenation by providing 
movement of fluid from the alveolar to interstitial space, 
recruitment of small airways, and collapsed alveoli and 
an increase in functional residual capacity. In the open 
lung ventilation strategy, it is recommended to keep 
the PEEP above the lower inflection point as most of the 
modern pediatric ventilators are equipped with pulmonary 
graphics, but in the absence of static pressure-volume (PV) 
curve measurement it is practiced to keep PEEP between 
8 cmH,O and 20 cmH,0. It should be progressively 
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increased by 2-3 cmH,0 increments to maintain saturation 
between 90 and 95% with FiO, «6096. The definition of 
optimum PEEP is still enigmatic, but the PEEP which can 
maintain SpO, around 90% with a FiO, of <60% and delivers 
a best tidal volume is the optimum PEEP. Excessive PEEP 
with chest X-ray evidence of overdistension of the lungs 
must be avoided. High PEEP may cause hypotension and 
hemodynamic instability and that should be taken care 
of. The PALICC stated that PEEP levels >15 cmH,O may be 
needed for severe PARDS, although attention should be 
paid to limiting the plateau pressure. 


Adequate Inspiratory Time 


No clinical studies have specifically addressed inspiratory 
time. The I:Eratio may be increased to 1:1 or 2:1 (inverse ratio 
ventilation) to improve oxygenation. The utility of inverse 
ratio ventilation in PARDS has yet not been substantiated. 


Application of Recruitment Maneuver 


There are no randomized studies to indicate whether recruit- 
ment maneuvers like use of sigh, continuous positive airway 
pressure, or bilevel positive airway pressure influence 
outcome in children. This is practically a gray zone in 
pediatric ventilation without any clear recommendations 
and guidelines. Most of the pediatric intensivists practice 
recruitment maneuver in child with ARDS who desaturates 
either due to worsening lung condition or after disconnection 
of circuit for suctioning. This can be achieved by a manual 
inspiratory hold for 20-30 seconds or keeping the very high 
pressure around 40 for few seconds. One should carefully 
observe the child during the maneuver as there are chances 
of development of hemodynamic compromise as well as air 
leak during and after the maneuvers. It is also important to 
be sure that there is no air-leak before starting the maneuver. 
The PALICC recommended careful recruitment maneuvers 
in the attempt to improve severe oxygenation failure by 
slow incremental and decremental PEEP steps. Sustained 
inflation maneuvers cannot be recommended due to lack of 
available data. 


Prone Positioning” 


Prone ventilation has improved the oxygenation significantly 
and the recent publication in adults (PROSEVA study) has 
shown that prone positioning can improve the rate of survival 
as well as decrease in the hospital stay. Most of study shows 
that it improves oxygenation significantly by recruitment of 
more atelectatic dorsal lung regions after proning. Though 
in a recent randomized-controlled study performed by the 
PALISI network in children with ALI showed no significant 
benefit of prone positioning (20 h/day for 7 days) on variable- 
frequency drives (VFDs) despite improved oxygenation, 
most of the intensivists prefer to keep the baby prone to 
improve oxygenation before considering advanced modes of 
ventilation. 


Advanced Ventilation 
High-frequency Ventilation’? 


The usual practice is to start high-frequency ventilation 
(HFV) in children, who fail to improve on conventional 
ventilation or deteriorate while on conventional ventilation. 
High-frequency ventilation may particularly be useful in 
children with air leaks—pneumothorax and bronchopleural 
fistulae. High-frequency oscillatory ventilation (HFOV) 
uses high-frequency very low-tidal volumes and laminar 
air flow to protect the lung. The advantage of HFOV over 
conventional ventilation is that it provides gas exchange at a 
lower airway pressure and there are smaller phasic pressure 
and volume changes. In a crossover trial comparing rescue 
HFOV with conventional mechanical ventilation in pediatric 
ALI/ARDS, it was found that HFOV is associated with 
higher mean airway pressures, improved oxygenation and a 
reduced need for supplemental oxygen at 30 days, however, 
thére was no enough evidence to conclude whether HFOV 
reduce mortality or long-term morbidity in patients with 
ALI/ARDS. Two recent adult trials (OSCAR and OSCILLATE) 
have shown no significant differences in outcomes of ARDS, 
when compared to conventional ventilation, but PALICC 
recommended HFOV should be considered as an alternative 
ventilatory mode in hypoxic respiratory failure in patients 
in whom plateau airway pressures exceed 28 cmH,O in 
the absence of clinical evidence of reduced chest wall 
compliance. 


Extracorporeal Membrane Oxygenation’? 


Extracorporeal membrane oxygenation (ECMO) has been 
used as a rescue therapy for over two decades in children 
with ALI/ARDS with reported survival rates of 5096? 
Most of the studies have shown that the survival relatively 
increases after early, i.e., <7 days of mechanical ventilation 
before the onset of significant VILI and the disease remains 
reversible. Still the use of ECMO is limited to those patients 
in whom conventional therapies have failed. Though ECMO 
is an effective means to keep the patient alive during severe 
hypoxemic respiratory failure, there is no randomized- 
controlled trial (RCT) defining the role of ECMO in pediatrics. 
According to the recent PALICC recommendation, ECMO 
should be considered to support children with severe PARDS 
where the cause of the respiratory failure is believed to be 
reversible or the child is likely to be suitable for consideration 
for lung transplantation. There exist only a handful of centers 
in our country those who performs pediatric ECMO due to 
exuberant cost and high-technical expertise. 


Nonrespiratory Support 


Most of the PARDS are generalized disease, where whole of 
the body has been affected and lungs become a part of it and 
some of them developed multiorgan dysfunction as well. That 
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is why supportive therapies are indeed necessary to augment 
recovery and to support the lungs. 


Fluid and Electrolytes”! 


After initial fluid resuscitation for the underlying sepsis 
and achieving hemodynamic stability, fluid intake should 
be restricted to about 65-80% of maintenance fluid to 
minimize the capillary leak and control pulmonary edema 
and avoid wetting the lung further. As in adults, adverse 
association has been shown between cumulative fluid 
balance and duration of mechanical ventilatory support, 
success of weaning, and extubation outcomes in children. 
Persistent positive fluid balance is a surrogate marker of 
poor prognosis. 


Nutrition? 


Acute respiratory distress syndrome patients are highly 
catabolic due to underlying primary disease process usually 
sepsis, and high-minute ventilation requirement of stiff lung 
and they benefit from initiation of early enteral nutrition. 
Initially, the feed can'be started as trophic feed at small 
volumes and monitoring tolerance and gradually build-up 
to the total requirement over 2-3 days. Parenteral nutrition 
should be initiated, if enteral nutrition is not tolerated for a 
few days. There is conflicting evidence in the use of fish oil 
omega-3 fatty acid supplementation in adults, but there is no 
evidence to support use of any specific nutritional formulas 
or supplements in children. 


Analgesia Sedation 


Proper analgosedation and judicious use of analgesia and 
sedation is of prime importance for minimizing physical and 
mental discomfort in children. Muscle relaxants in children 
with ALI/ARDS should be limited. Midazolam on as required 
basis is the drug of choice for sedation and fentanyl or 
morphine for analgesia. 


Judicious Transfusion of Blood Products 


Try to maintain hemoglobin >10 g/dL in children with 
shock or profound hypoxia and >7 g/dL in children who are 
clinically stable. From previous studies especially with lack 
of supportive data for low-hemoglobin target, it is reasonable 
to maintain hemoglobin concentration within the normal 
range for age (210 g/dL) in children with profound hypoxia 
or shock. 


Hemodynamic Support 


Most ofthe patients of ARDS have some sort ofhemodynamic 
instability in the form of shock. A very good hemodynamic 


support in the form of inotropic and vasopressor agents 
should be applied depending upon the situation. Dopamine 
is the initial inotropic agent of choice in case of pediatric 
septic shock, whereas dopamine refractory cold shock needs 
adrenalin and warm shock needs noradrenaline. 


Other Supportive Care 


Care should be taken to prevent nosocomial infections. 
Early diagnosis and prompt treatment of these infections are 
crucial to their recovery. 

Glucose values should be monitored regularly and 
consider use of insulin, if the values are persistently above 
180-200 mg/dL. Very tight glycemic control is no longer 
preferred. 

Coagulopathy and mechanical ventilation are risk factors 
for clinically important gastrointestinal bleeding in children. 
Stress ulcer prophylaxis with intravenous H, antagonist or 


-proton pump inhibitor or oral sucralfate is recommended. 


Sucralfate has some added advantage of preventing VAP by 
not altering gastric pH. 

Routine use heparin prophylaxis to prevent deep venous 
thrombosis associated with central venous catheters is not 
routinely recommended in pediatric population. There 
is no data on use of heparin prophylaxis to prevent deep- 
venous thrombosis in critically ill children before puberty. In 
children beyond puberty, adult recommendations for deep- 
venous thrombosis prophylaxis may be relevant. 


Controversial Therapies 
Steroid???420 


Corticosteroids decrease the production of a number 
of inflammatory and profibrotic mediators by many 
mechanisms, and from this theory, steroid has been tried 
in ARDS for several years without too much of success. A 
multicenter RCT was performed on the use of steroids in 
ARDS, which did not support the routine use of methy- 
lprednisolone for persistent ARDS despite the improvement 
in cardiopulmonary physiology. Moreover, use of methyl- 
prednisolone in late ARDS, i.e., >2 weeks after the onset of 
ARDS may increase the risk of death. In the landmark article 
by Meduri et al., they suggested a beneficial role for low- 
dose methylprednisolone infusion in early ARDS. There have 
been no studies of corticosteroids for treatment of ALI/ARDS 
in children, and at present there is inadequate evidence 
to support routine use of steroids in children with ARDS. 
Most of the pediatric intensivists want to reserve it for the 
selected patients of persistent ARDS (>7 days but «14 days) 
with no evidence of active infection. The dose and duration 
is not substantiated but starting dose with 2 mg/kg/day of 
intravenous methylprednisolone until extubation is the dose, 
which is most widely practiced. 
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Inhaled Nitric Oxide” 


Inhaled nitric oxide (iNO) is a potent and selective pulmonary 
vasodilator, and improve oxygenation in ALI/ARDS. It may 
also decrease the overproduction of cytokines in patients 
with severe ARDS and has also been shown to attenuate 
increase in capillary permeability. It may be used in patients 
for temporary rescue where hypoxemia is refractory to more 
conventional interventions. A meta-analysis of multiple 
studies showed that inhaled NO improved oxygenation 
without improving overall clinical outcomes in children 
and adults with ALI/ARDS and rebound hypoxia after 
withdrawal remains a problem. However, in children with 
severe hypoxic respiratory failure, iNO has been found to 
reduce the recruitment for ECMO. The PALICC does not 
recommend iNO for routine use in PARDS. However, its use 
may be considered in patients with documented pulmonary 
hypertension or severe right ventricular dysfunction. In 
addition, it may be considered in severe cases of PARDS as a 
rescue from or bridge to extracorporeal life support. 


Surfactants??? 


There is a meta-analysis of six trials of surfactant therapy in 
children with acute respiratory failure including bronchiolitis 
and ALI showed decreased mortality, increased VFDs and 
decreased duration of mechanical ventilation. Potential 
complications of surfactant therapy in children with ALI/ 
ARDS may be hypotension, hypoxia, and barotrauma. 
At present, there is no routine recommendation of using 
surfactant for children with ARDS; high cost is an important 
issue but still in refractory cases it can be used as a rescue 
measure to temporary increase the oxygen demand. 

The PALICC guidelines stated that surfactant therapy 
cannot be recommended as routine therapy in PARDS. 
Further study should focus on specific patient populations 
that may be likely to benefit and specific dosing and delivery 
regimens. 


Prostacyclins?? 


A few studies demonstrated that aerosolized prostacyclin 
may improve oxygenation in children with ALI/ARDS, but till 
today there is no recommendation on it. 

Despite the commencement of modern therapy, the 
mortality of PARDS is still on the higher side. Primary ARDS 
due to pulmonary causes has lower mortality when compared 
with nonpulmonary causes. Most of patients with ARDS 
succumb to multiorgan failure with <5% of deaths being 
actually due to respiratory failure. Severity of hypoxia at the 


time of presentation is somehow related to the mortality. 


But the long-term outcome of the survivors is usually good. 
Further big and multicentric studies on PARDS are needed to 
enlighten the gray zones. 


jj CONCLUSION " 
ARDS is a syndrome of pulmonary inflammation charac- 
terized by severe hypoxemia and resulting in significant 
morbidity and mortality. Pediatric ARDS is a distinct entity 
with recently revised diagnostic criteria. The management 
includes control of the precipitating cause, ventilatory 
therapy arid supportive care. Low tidal volume strategy with 
moderate PEEP, with attention to maintain plateau pressure, 
is recommended, along with permissive hypoxemia and 
hypercapnia. A variety of rescue strategies are advocated 
when conventional ventilation fails. Supportive care includes 
attention to nutrition, sedation and analgesia and prevention 
of fluid overload and nosocomial infections. 
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Electroencephalography Monitoring in 
the Intensive Care Unit: Fancy Tool 
or Important Device? 


Sunit C Singhi, Javed Ismail 


ij INTRODUCTION - 
Continuous electroencephalography (cEEG) monitoring 
provides continuous information of brain function and 
thus allows early detection of neurological deterioration, 
which is especially useful when the clinical examination 
is limited. It is used in many intensive care units (ICUs) to 
monitor brain function in patients with altered mental status, 
to detect and guide treatment of nonconvulsive seizures, in 
the management of pharmacological coma for the treatment 
of increased intracranial pressure and to detect new or 
worsening brain ischemia in patients at high risk, and for 
prognostication of patients following acute neurological 
insult or cardiac arrest. However, there is significant 
interinstitutional variability in use of cEEG in different 
geographical regions. Some still consider it a fancy tool but 
recent publications ‘show a growing evidence for use of cEEG 
monitoring in North America for several indications. 


È IDENTIFICATION AND 
TREATMENT OF ELECTROGRAPHIC 
SEIZURES AND STATUS EPILEPTICUS 
Seizures are common among critically ill children. As 
per the clinical and electrographic characteristics, they 
are often classified as clinical, subtle and subclinical, or 
electroencephalography (EEG)-only seizures. When electro- 
graphic seizures occur without any discernible clinical 
correlate, they are termed subclinical or EEG-only seizures. 
These subclinical seizures when closely monitored represent 
the majority of seizures in the ICU contributing up to 70-80%.! 
Electrographic seizures are defined as abnormal, 
paroxysmal EEG events that differ from the background 
activity, last longer than 10 seconds (unless associated 
with clinical signs), have a plausible electrographic field, 
and evolve in frequency, morphology, and spatial distri- 
bution. Electrographic status epilepticus are defined as 


uninterrupted electrographic seizures lasting 30 minutes 
or longer, or repeated electrographic seizures totaling more 
than 30 minutes in any 1-hour period. 

Studies have identified that 63% of children with suspected 
encephalitis, 47% of those suffering a hypoxic brain injury - 
following cardiac arrest? 11-20% of infants undergoing 
cardiac surgery,*? and 21% of children undergoing treatment 
with extracorporeal membrane oxygenation? are at high 
risk of having electrographic seizures in ICU. In addition, 
electrographic seizures have been observed in 43-57% 
of children following traumatic brain injury, particularly 
following abusive brain trauma and when a concomitant 
hemorrhage is identified (Fig. 1). Furthermore, seizures 
are very frequently identified following childhood stroke 
and often represent the presenting symptom.® The clinical 
factors consistently associated with electrographic seizures 
are persistent encephalopathy [be it in a medical ward or in 
the pediatric ICU (PICU)], younger age (infants «2-3 years), 
andthepresence ofclinical seizures priorto cEEG monitoring, 
particularly convulsive status epilepticus. About 9096 of EEG 
seizure occur within 48 hours. It is, therefore, mandatory to 
monitor cEEG for 48 hours in an individual patient. 


Seizures and Outcome 


In a prospective cohort of 200 critically ill children, 2196 
had electrographic seizures and 22% had electrographic 
status epilepticus. The presence of electrographic status 
epilepticus was associated with an increased risk of mortality 
[odds ratio (OR) 5-1, 95% confidence interval (CI) 1.4-18.0) 
and an increased risk of worsening pediatric cerebral 
performance category (OR 17-3, CI 3.7-80.0).!° Similarly, in 
a retrospective multicenter cohort of 550 children, Abend et 
al.! demonstrated that the presence of electrographic status 
epilepticus was associated with an increased risk of mortality 
(OR 2.4, CI 1.1-5.4). However, in both these studies, the 
presence of electrographic seizures was neither associated 
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FIG. 1: Type and prevalence of electrographic seizures 


with increased mortality nor worsened pediatric cerebral 
performance category. In a cohort of critically ill children, 
Payne et al. demonstrated that seizure burden greater than 
12 minutes in a given hour was associated with a greater 
probability and magnitude of the neurological decline.!? Also, 
electrographic status epilepticus has been associated with 
unfavorable long-term global outcome, lower health-related 
quality-of-life scores and an increased risk of subsequently 
diagnosed epilepsy. It is clear that electrocardiographic 
status (not seizures) affects both short- and long-term 
outcome in children. Treating electrocardiographic status 
may improve outcome in these children. 

In the management of status epilepticus, titration of 
therapy to achieve burst suppression of EEG background has 
been proven to be most effective in preventing breakthrough 
seizures. Continuous electroencephalography may be 
helpful for adjusting infusion rates to maintain sufficient 
suppression while minimizing adverse drug effects. Hence, 
cEEG monitoring is required to identify and treat subclinical 
and subtle electroclinical seizures among critically ill 
children. 

Critical Care Continuous EEG Task Force of the American 
Clinical Neurophysiology Society recommends cEEG for 
diagnosis of nonconvulsive seizures, nonconvulsive status 
epilepticus, and other paroxysmal events, if a patient is not 
showing clear signs of improvement alertness within 10 
minutes, or still has anyimpairment of consciousness for more 
than 30 minutes after cessation of motor or other clinically- 
evident seizure activity. Recording for at least 24 hours or 
longer is recommended. The task force also recommends 
cEEG for assessment and monitoring of the efficacy of 
therapy for seizures and status epilepticus until seizures have 
been controlled for at least 24 hours. A consensus statement 
from the neurointensive care section of the European Society 
of Intensive Care Medicine also recommends continuous 
EEG monitoring for refractory status epilepticus and suggest 
it for patients with status epilepticus and suspected ongoing 
seizures and for comatose patients with unexplained and 
persistent altered consciousness based on a systematic 
review of 42 studies. 


d PROGNOSTICATION 


Continuous isctrüencephalpm phy monitoring provides 
an estimate of extent of injury that can help clinicians to 
prognosticate and family members to make treatment 
decisions after acute brain injury. Burst suppression patterns 
after hypoxic-ischemic injury have been associated with lack 
of neurologic recovery.!* Electroencephalographic patterns 
that are not modulated by stimulation, such as alpha coma 
have been associated with a high likelihood of persistent 
vegetative state or death.!6 Studies report the presence 
of specific EEG characteristics, like burst suppression,!’ 
excessive discontinuity,!® severe attenuation,'”!® lack of 
reactivity?" and periodic or multifocal epileptiform 
discharges," are associated with unfavorable prognosis. 
Conversely, rapid EEG improvement over hours?! 
reactivity? and normal sleep patterns? are associated 
with favorable prognosis. In our unit, cEEG monitoring for 
24 hours using amplitude-integrated EEG (aEEG), in 30 
comatose patients with underlying acute central nervous 
system infections, was a good predictor of outcome. 
Predictors of good outcome (sensitivity 93%) were presence 
of sleep-wave cycles and return of continuous normal 
voltage pattern within 24 hours of coma. Low-voltage 
patterns, absence of sleep-wave cycles, burst suppression, 
status epilepticus, and flat trace were predictive of poor 
outcome (specificity and positive predictive value of 96%) 
(Jindal A, Singhi S. DM dissertation. 2011). 


i IDENTIFYING ABRUPT 
d CHANGES IN CEREBRAL BLOOD FLOW | 


It has been observed in studies that as cerebral blood flow 
decreases below 25-30 mL/100 g/min, there is a progressive 
loss of higher frequencies and prominent slowing of 
background EEG activity. Also, as the cerebral blood flow 
(CBF) is below 8-10 mL/100 g/min, low enough to cause 
irreversible cell death, all EEG frequencies are suppressed. 
Hence, any change in the pattern of EEG from baseline can 
be used as a surrogate to identify abrupt changes in CBE? 


CHAPTER 69: Electroencephalography Monitoring in the Intensive Care Unit: Fancy Tool or Important Device? 


Common clinical indications for cFEG monitoring in the 

PICU include the following: 

e Established seizures/status epilepticus, to guide titration 
of antiepileptic drug therapy 

e Screening for subclinical seizures among patients 
deemed to be at high risk, for example: 

o Suspected encephalitis (bacterial, viral, or autoimmune) 

o Hypoxic-ischemic encephalopathy (e.g, neonates, 
cardiac arrest, and near drowning) 

o Traumatic brain injury (especially nonaccidental) 

o Stroke (ischemic or hemorrhagic). 

e Screening for seizures among patients who are paralyzed 
and deemed to be at risk for seizures (e.g., those under- 
going extracorporeal membrane oxygenation) 

e Characterization of paroxysmal events suspected to 
represent electrographic seizures. 


Bi CONCLUSION 


Electrographic seizures and electrographic status epilepticus 
are common in critically ill children with acute encephalo- 
pathy, often without clinical signs, and need cEEG monitoring 
for their diagnosis and management. Also, cEEG helps in 
management and prognostication of children presenting 
with acute encephalopathy of various causes. 
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CHAPTER E 


Pediatric Neuromonitoring: 
Electroencephalography 


Saumen Meur 


8 INTRODUCTION — 


Intensive and continuous hemodynamic and respiratory 
monitoring have been part of standard care in the intensive 
care unit (ICU) for a very long time now. However, continuous 
brain monitoring is not yet standard in most ICUS even in 
patients with primary or significant neurological injury. 
The most important reason for this is the huge complexity 
of the brain function and relatively few available devices, 
which can be used for continuous brain function monitoring 
until recently. Even when the devices are available the large 
amount of data it produces makes it difficult to interpret 
this data in real time. The general intensive care training 
also emphasizes mostly on hemodynamic and respiratory 
monitoring and support. Consequently, there is a significant 
skill and knowledge gap in monitoring and interpreting 


Detection of subclinical seizures: 
o After convulsive status epilepticus 


o Unexplained altered mental status 

o Fluctuating mental status 

Characterization of abnormal posturing and movements: 
o Episodic posturing 

o Repetitive movements 


Diagnosis of ischemia: 
© After subarachnoid hemorrhage 


© During or after vascular or neurosurgical intervention 
Assessment of depth of sedation and/or anesthesia 


Prognostication 


Box 1: Indications for continuous electroencephalography monitoring 


© Following acute supratentorial brain injury with altered mental status including intracranial hemorrhage 


© Unexplained tachycardia and/or hypertension in patients with actual or potential neurological injury 
© Quasinormal movements like twitching, nystagmus, chewing, or cycling movements 


© In patients with hemodynamic compromise with loss of autoregulation 


Confirmation of burst suppression in pharmacologically induced coma 


brain function amongst the intensivists in most areas. There 
are controversies and areas of uncertainty including the 
pathological significance and treatment implications of 
previously undetected seizures and periodic and rhythmic 
patterns detected during continuous monitoring. We will 
review the evidence regarding the usefulness of these devices 
in ICU in the subsequent text. 


if INDICATION FOR CONTINUOUS 
| ELECTROENCEPHALOGRAPHY — 


A significant number of patients both in dedicated 
neuroscience ICU or general ICU may benefit from 
continuous electroencephalography (cEEG) monitoring. 
Common clinical scenarios, where cEEG may potentially 
lead to improved clinical outcomes are listed in box 1.! 
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3i CONTINUOUS 
ELECTROENCEPHALOGRAPHY 

FOR NONCONVULSIVE SEIZURES AND 

“= NONCONVULSIVE STATUS EPILEPTICUS _ 


A number of reliable and portable devices, which can be 
used bedside for continuous monitoring and display of EEG 
including video-EEG (vEEG), quantitative-EEG (qEEG), or 
amplitude-integrated EEG (aEEG) has become available in 
the recent years. Computer software-based interfaces which 
aid in analyzing and interpreting the data has also become 
more reliable. qEEG, for example, allows for a compressed 
view of hours of EEG, making it easier to visualize long-term 
trends. Other possible applications of cEEG include the 
ability to monitor and provide early detection of dynamic 
changes in brain functions such as ischemia. There are other 
devices available, which can monitor the depth of anesthesia 
and sedation like bispectral index (BIS), which is now in 
common use in anesthesia and has a potential for use in a 
select group of patients in the ICU as well. 

The most obvious advantage of using cEEG in patients 
with existing or potential neurological injury would be to 
detect nonconvulsive seizures (NCSz) or nonconvulsive 
status epilepticus (NCSE). Even a convulsive seizure may 
be difficult to recognize in patients who are muscle relaxed, 
though there are likely to be other clues. In small infants and 
‘younger children it is often difficult to differentiate tonic 
posturing and repetitive movements from seizures. 

Use of cEEG in ICUs has demonstrated that the incidence 
of NCSz and NCSE is much higher than suggested and 
detected by clinical suspicion and examination alone. 
Reported rates of NCS range from 8 to 37% in all ICU 
patients” to 48% in patients with coma and prior convulsive 
status epilepticus.”*” In critically ill pediatric patients, the 
reported incidence of NCSz and NCSE ranges from 7 to 490.5? 

Presence of NCSz and NCSE on cEEG has been shown 
to be associated with a worse outcome, independent of 
etiology.” Continuous EEG in a large study (164 patients) 
showed continued NCSz (48% patients) and NCSE (14% 
of patients) even after termination of convulsive seizures. 
Mortality and morbidity were significantly higher in NCSE 
(51% mortality) or NCSz (32% mortality) group than in the no 
seizures on cEEG group (13%).* Another study showed that 
increased mortality in NCSE was associated with duration of 
SE and delay in diagnosis only.!! 


= WHOIS AT RISK OF 


NONCONVULSIVE SEIZURES AND 

M NONCONVULSIVE STATUS EPILEPTICUS? — 
The highest risk groups are those with altered mental status 
or coma and neurologic injury.2259212-? Other conditions 
associated with a high risk of NCSz or NCSE include patients 


with intracerebral hemorrhage (ICH), subarachnoid 
hemorrhage (SAH), central nervous system (CNS) infection, 
or traumatic brain injury (TBI), all of which have been 
associated with a risk of approximately 2090.55820 26 

In the pediatric population NCS appears to occur most 
commonly in neonates with acute brain injury, especially 
hypoxic ischemic injury75 In older children, NCS have 
been associated with a variety of diagnoses including history 
of epilepsy?!^?" or acute presentation of epilepsy!^ clinical 
seizure during hospital stay,!^9?5 TBI, hypoxic-ischemic 
injury, CNS infection, stroke, and metabolic disease. 9:268 


E HOW LONG TO MONITOR? — 


Classen et al. in a large retrospective review of 570 adult 
and pediatric patients found that only 56% of seizures were 
detected within the first hour, 88% within 24 hours, and 
93% within 48 hours of monitoring? The same study found 
that patients in coma were more likely to have seizures 
detected later in monitoring. In comatose patients, 80% of 
seizures were detected after 24 hours of monitoring, 8796 
„after 24-48 hours, and 96% after 48-168 hours. Given the 
current knowledge, when evaluating for the presence of NCS 
and NCSE, it is reasonable to monitor patients who are not 
in coma for approximately 24 hours and those in coma for 
48-72 hours, a strategy that achieves sensitivities over 9096 for 
seizure detection.” 


CHARACTERIZATION OF 
g ABNORMAL MOVEMENTS AND POSTURING 


Periodic abnormal posturing and movements like lip 
smacking, chewing and nystagmus are not uncommon 
in comatose patients. In neonates and young infants, 
a range of abnormal movements like cycling type and 
nonpurposeful movements are common and in most 
cases benign. However, this may be indistinguishable from 
epileptiform movements and cEEG may be of useful in 
these scenarios. 


B DETECTION OF ISCHEMIA —. ..— 


Delayed cerebral ischemia (DCI) secondary to cerebral 
vasospasm is a significant cause of morbidity and mortality 
in patients with subarachnoid and intracerebral hemorrhage. 
Several studies have shown that cEEG and qEEG are very 
sensitive and reasonably specific in detecting DCI relatively 
early and before irreversible ischemic changes set in.?™ The 
major limitation of qEEG techniques is artefacts in recording 
and significant changes with pharmacological interventions. 
All published data are either from experimental animal 
models or retrospective review. However, with ongoing 
technological advances, real time ischemia detection with 
qEEG may become a reality. 
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MONITORING OF SEDATION 
* ORTREATMENT RESPONSE 


"Response to treatment of NCSz or NCSE is equally important 

as there might not any other reliable clinical clue to the 
effectiveness of antiepileptic therapy. In these cases, cEEG 
is essential for detection of recurrent seizures as well as 
confirmation of termination with minimal effective dose. 
It can be useful in patients with TBI to optimize sedation to 
ensure reduction in metabolic rate and thereby reduce risk 
of increased intracranial pressure, which can lead to further 
injury and herniation?? cEEG can also be used to titrate 
-the amount of drugs required to attain the desired degree 
of anesthesia and sedation and to minimize adverse effects 
associated with prolonged coma and additional sedative 
exposure." 

Intheeraoftherapeutic hypothermia (TH) for postcardiac 
arrest patients, CEEG has become an essential tool. In most 
TH protocols, deep sedation and muscle relaxation are 
warranted for at least 48 hours during which time clinical 
monitoring for seizure activity is very difficult. Postanoxic 
status epilepticus has been associated with poor outcome 
even after TH.?9? However, early detection and treatment of 
postanoxic status epilepticus have been demonstrated to be 
associated with favorable outcome.” 


jj PRACTICALITIES AND LOGISTICS _ 


There is a significant body of evidence now that suggests that 
cEEG monitoring is beneficial and leads to improved patient 
outcome in selected ICU patients. There are commercially 
available devices, which are reliable and can be used in routine 
clinical practice. However, human resources needed for real 
time analysis of the raw data generated from these devices 
remain a major hurdle. Few institutions will have round the 
clock electroencephalographers to analyze the data in real 
- time. The computer-based mathematical algorithm derived 
qEEG, which can compress hours of raw cEEG data into two- 
or three-dimensional schemes can help review vast amount 
of data over a short period of time, but is not real time by its 
nature. Interpretation ofthese data also needs some specialist 
training. Seizure detection algorithms are also not sensitive 
or specific enough for individual patient. Furthermore, cEEG 
monitoring of ICU patients has also identified a number of 
poorly understood EEG patterns of doubtful significance. 
Amongst these periodic lateralized epileptiform discharges 
(PLED) has been most comprehensively studied, but the 
physiological and treatment implications of these patterns 
are uncertain. ^? 


$ CONCLUSION 


Neurological monitoring in ICUs has improved significantly 
over the last 2 decades. It is likely that there will be further 


428 progress in this area in the near future as well. Continuous 


EEG monitoring is an integral and promising part of this 
process and is likely to remain so. Proving adequate trained 
healthcare staff to analyze and interpret this data in the 
clinical context at the bedside in real time; however, remains 
a major challenge for most institutions. _ 
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H INTRODUCTION 
Healthcare for critically ill patients has improved due to 
better understanding of disease process and advancement 
in technology. The healthcare cost for critically ill patients 
are expensive due to increasing expectations, involvement 
of multidisciplinary team, varied application of technology, 
increased aging populations and a large requirement of 
trained man power. The utilization of intensive care unit 
(ICU) services is varied and versatile, which depends upon 
diagnosis, severity of illness, and length of stay.” 

Intensive care unit comprises less proportion of hospital 
beds but imposes huge burden on the hospital’s operational 
cost. Patients, who survive critical illness impose additional 
cost burden on both the hospital and the individual citizen. 
It's high time to achieve a balance between health expenditure 
and quality-of-care being provided to critically ill patients. 
Therefore, knowing the expenses and steps to reduce costs in 
running an ICU becomes vital. 


Gq WHAT IS COSTING? — —— 


Cost is a resource once allocated cannot be reallocated to 
alternate purpose.? Cost is measured in monetary units and 
always involves acquisition costs and additional operational 
or utilization costs. Costs includes the quantity of all resources 
utilized and the price of each resource, i.e., usage x price. 


& WHY COSTING IS IMPORTANT? — 


Intensive care unit care is labor intensive and expensive, 
where quality-of-care cannot be compromised and cost 
differs between individual patients. It offers round the 
clock service to patients consuming enormous resource 
contributing around 4-6 times more cost per day compared 
to cost in general ward. Each ICU receives a particular group 
of patients and has different staff-patient ratio, bed strength, 
occupancy ratio and varied technology usage. The costs of 


services depend upon the outcome measure like mortality, 
length-of-stay, etc.? Cost is usually defined for a particular 
time frame, i.e., cost per day, cost per month, cost per year 
etc. so that changes in cost can be tracked and cost plan 
can be further modified according to the needs.* Estimating 
the cost of intensive care is therefore important for proper 
allocation of resources and budget. 


8 UNDERSTANDING 
T DIFFERENT COSTS (TABLE 1) _ 


Costs spent on intensive care of Baden are grouped into 

those, which are spent directly for patient care and those 

that are spent indirectly.’ The costs vary between initial days 

of intensive care and for every additional days of ICU stay. 

Certain costs depend upon the patient volume and vary from 

time to time and patient to patient. 

Costs are of four major types: 

l. Direct fixed and direct variable (contribute to majority of 
costs) l 

2. Indirect fixed and indirect variable. 


Direct Cost or Patient-related Costs 


Direct costs are costs those are fully and directly attributed to 
patient care, e.g., administering blood products, intravenous 


Different costs: classifying the costs spent on dialysis 
training for intensive care unit technicians and 
physicians 


TABLE 1 


“Indirect costs 


.; Direct costs * 


| Variable ' ; Dialysis fluid, dialysis : ! Annual maintenance, repairs of | 


| Costs | Catheters ` machines - l : 
! Fixed ! Acquisition o or r capital | | | Training given to technician | 
; costs | | and physician (independent of 


i patient volume and not related 
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fluids, and usage of disposables. In economic terms, direct 
costs are the costs of all services, utilities, and resources 


involved in provision of patient care. 


Indirect Cost or Nonpatient-related Costs 


Indirect costs those are shared among patients and may 
not directly be involved in patient care, e.g., warming of 
intravenous fluids, physician's time other that bedside, and 
cleaning the ICU. 


Fixed Costs 


Fixed costs are cost spent independent of patient volume. 
The resource will be utilized by all patients and does not 
depend on number of patients getting treated. These costs 
reflect the structural quality of ICU and cannot be modified 
or controlled. Majority of cost in running ICU is spent on fixed 
costs for example costs of building, monitors, equisition cost 
of instruments, etc. 


Variable Costs 


Variable costs are the costs that depend on volume of 
patients treated. It varies with every additional patient and is 
associated with the process of delivering the patient care, e.g., 
gloves and syringes. 


Other Cost Types 


Another type of cost is marginal cost, i.e., cost spent for each 
additional day in ICU. It is different from average cost per day 
since cost during initial days of ICU stay will be much more 
than later days. So the cost savings to the hospital associated 
with reducing ICU length of stay by one day will be negligible. 


Opportunity Costs 


It refers to alternate uses for resources or money spent. The 
money spent on one resource cannot be utilized for other 
purposes. Once money is spent on buying something, it is not 
available for other purposes. The opportunity cost of buying a 
cardiac output monitor might be a new ultrasound machine 
that would have been used in other parts of the hospital as 
once money is spent on cardiac output monitor it cannot be 
used to buy ultrasound machine. Opportunity cost is difficult 
to measure and does not directly involve the running of the 
ICU or treating the patient. 


8 ASSESSMENT OF COSTS. 


Costs can be measured by bolo and summing various 
cost types. This will give the total cost. The cost can be as cost 
per patient per day or cost for hospital acquired infections or 
cost for running the ICU. Assessing the cost in intensive care 


is a difficult task since there is no standard methodology? 
and heterogeneity in resource allocations and critical care 
utilization (demand:supply ratio) varies among different 
nations and regions. 


5$; APPROACHES TO COST ALLOCATION 


Approaches to cost allocation can be of two types: 

l. Direct measurement of cost—where actual expenses are 
measured 

2. Indirect or proxy measurement—where surrogate markers 
of expense are substituted for cost. 


*$ DIRECT MEASUREMENT OF COST 


Top-down Approach 
(Attributable Costing) (Fig. 1) 


In this method,**” total hospital costs are collected and 
split to the level of respective services. In regard to intensive 
care, the costs are calculated by dividing the total intensive 
care budget by the number of patients or patient-days in 
ICU to derive an average cost per patient-day. This is an - 
easier method to compute cost. The total cost is allocated 
to all patients and gets divided among individual patients. 
The allocation of resources does not take into account the 
variation in expenses between individual patients, which 
may be large. So, no allocation can be done for individual 
patients, diseases or procedures. 

Top-down costing can only be done retrospectively 
since information is commonly obtained from accounts 
department and used for allocating indirect costs like 
housekeeping, capital costs, etc. 


Bottom-up Approach (Microcosting) (Fig. 2) 


Bottom-up” -means collecting costs at patient level. All 
resources that are used for patient care are collected and 


1 * Total costs are assessed 


: à * Splitting of costs (certain rules are applied) 


d * Allotment of costs to respective services 


RI ems 


ICU, intensive care unit. 


FIG. 1: Steps involved in top-down approach 
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Individual patient level 


* Costs units are measured 


Final costs are calculated per patient or per day 


FIG. 2: Steps involved in bottom-up approach 


summed up to get final cost spent on individual patient. This 
is commonly done prospectively in real time while patient is 
in ICU, but may also be done retrospectively (using patient 
records). Cost is allocated to individual patients based on 


the use of individual resources. In bottom-up approach, the. 


data collection is labor intensive, more time consuming, 
expensive, and often incomplete when indirect costs are 
concerned. In bottom-up approach the costs are compiled by 
"costs units; i.e., cost of a single item is multiplied with units 
of resources used. Bottom-up method allows for detailed 
analysis and helps to segregate costs based on specific patient 
subgroups. This method does not account for fixed costs and 
overheads, because they are dependent on ICU organization 
and cannot be accurately charged to one patient. 


Wl ALTERNATIVE COSTING 
| METHODS (PROXY MEASURES) — 


Cost Block Method 


Cost block system is a type of top-down approach developed 

by Intensive Care National Working Group in Costs in the 

United Kingdom. The annual costs of ICU are divided into six 

defined categories costs called as “cost blocks"? 
The six cost blocks are listed as follows (contribution to 

total costs is given as percentage)? 

e Cost block 1: Capital equipment-—6.096 

e Cost block 2: Estates (the fabric of building including 
maintenance, depreciation, utilities, water, sewage, and 
waste disposal)—2.7-3.4% 

o Cost block 3: Nonclinical support services (cleaning and 
administration)—7-7.896 

e Cost block 4: Clinical support services (e.g., laboratory 
services, physiotherapy, occupational therapy, and 
dietetics, radiology)—7-8.5% 

e Cost block 5: Consumables (e.g., drugs, syringes, and 
other disposables)—-21.5-24.7% 

e Cost block 6: Staff (doctors, nursing staff) —53.6-54.7%. 


The cost block approach has been validated in further 
studies in UK. Patient related costs (i.e., cost block 4-6) 
accounted for around 85% of total costs and remaining 
15% for nonpatient related costs. The nonpatient related 
costs (i.e., cost block 1-3) are relatively fixed without much 
change. Cost block methodology based on patient-related 
costs consisting of cost blocks 4-6 were commonly used to 
collect data of ICU in United Kingdom. 


H ACTIVITY-BASED COSTING — — 


This is a form of bottom-up costing in which, for each activity 
of care, the resources necessary to deliver that activity are 
identified. The activity-based system measures patient-related 
cost of delivering care. Example, for delivering an antibiotic, 
the activities involved are staff time, syringe and needle time, 
dilution of drug, administration of drug, charting of drug. The 
total cost of the activity is the sum of the costs of individual 
components. There are three types of activities involved: 

e Start-up costs—determined from the resources necessary 
to initiate an activity of care, e.g., insertion of a pulmonary 
artery catheter (PA catheter) 

* Point costs—determined by the resources used in discrete 
events or procedures, which occur in the delivery of an 
activity of care, e.g., the staff cost of taking a measurement 
from PA catheter 

e Interval costs—these are measured as a cost per hour and 
are determined from the resources necessary to cover the 
increased level of ongoing care necessary to maintain an 
activity, e.g. the staff cost of routine care of PA catheter. 
All activities involve at least one of the three costs. The 

cost of patient care is thus determined by allocating resources 

for each activity involved. 


H OTHER PROXY MEASURES — — 


The process of calculating costs for individual patients is a 
tedious one; hence, various surrogate measures have been 
developed as substitutes for actual costs.*!° Some of these 
include: 

e Hospital charges—collecting the charges and summing 
up the charges will give total cost spent. This method is 
popular in the United States; however, charges do not 
always accurately represent expenses incurred 

e Weighted hospital days—these provide a length-of-stay 
index. However, importance given to individual days of 
stay is arbitrary and cannot be generalized 

e Diagnosis-related groups—payment is based on 
calculation of average costs from a large number of 
patients with a similar diagnosis. The disadvantage of 
this method is that in ICU, the diagnosis is not always 
apparent and cost of care may vary significantly even 
among patients with the same diagnosis 

e Healthcare resource grouping—this is a new strategy, 


which aims to identify patient groups of clinical similarity. 435 
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Resources allocation will be similar for particular group 
of patients 

e Severity ofillness—allocation of ICU costs could be based 
on the severity of the patient's illness as determined by 
severity scores such as APACHE II or SAPS II 

e Activity related—activity scores such as the Therapeutic 
Intervention Scoring System (TISS) could be used to 
assess ICU costs. 


@ HEALTH ECONOMIC ANALYSIS 


Health economic analysis”!" in intensive care is important 
sinceitisa lotmore expensive. It isimportantto know whether 
the expected health intervention justifies additional cost. The 
-budget allocated to run ICU is often limited, creating more 
pressure on the administrator for cost containment. Accurate 
cost information allows improved decision making in terms 
of resource allocation, expanding, and maintaining existing 
medical services. 

The health economic analysis allows choosing cheaper 
and most effective interventions thus reducing costs. 


Methods of Economic Analysis 


The four basic methods are as follows: 
Cost benefit analysis 

Cost effectiveness analysis 

Cost utility analysis 

Cost minimization analysis. 


Ee [or Decr: 


Cost-benefit Analysis 


Costs and benefits both are calculated in monetary terms. 
Theanalysisis interested in net gain or net loss (in money). In 
patient care, it is a less used method. 


Cost-effectiveness Analysis 


Cost effectiveness refers to combined clinical and economic 
value of particular intervention or program. Costs are 
measured in terms of money and benefits in terms of 
outcome, i.e., life years saved. This analysis helps to compare 
two or more interventions for defined outcome and 
attempts to answer whether the intervention concerned is 
worth doing. The measurements used are cost-effectiveness 
ratio (money saved per year of life saved) and marginal 
cost effectiveness ratio (change in money spent/change 
in years of life saved).The majority of ICU interventions 
are expensive and it is important to analyze whether the 
additional cost associated with intervention is resulting in 
improved survival, i.e., incremental cost is associated with 
incremental benefit. The ideal intervention should be less 
costly and more effective. The cost-effectiveness analysis 
answers whether a new intervention should be introduced 


436 when compared to doing nothing or other alternatives. 


Cost Utility Analysis 


Cost utility analysis is a variant of cost effectiveness analysis 
where costs are measured in monetary terms and outcome in 
quality-adjusted life years (QALY). The measurements used 
are cost utility ratio (cost per QALY). The common reported 
outcome is incremental cost per QALY gained. 


Cost Minimization Analysis 


Cost minimization analysis is a basic and commonly done 
analysis where analyst is interested in saving cost. The cost 
minimization analysis compares only in financial terms of 
interventions with equal effectiveness. 


E CONCLUSION — 


The costs calculation and cost analysis are becoming integral 
part of running ICU due to unavoidable increasing ICU costs, 
limitation of resources and need of high-quality patient care. 
Top-down method is easy to compute costs at macrolevel and 
should be used until detailed analysis of costs is required. 
The critical care physician should be.aware of expenses and 
choose more cost-effective intervention. 
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Attributable Cost of 
Hospital-acquired Infection 


Prakash Shastri 


FLINTRODUCTION 1 
Hospital-acquired infection (HAI) has assumed epidemic 
proportions in the intensive care units (ICUs) worldwide. 
Hospital-acquired infection is a major problem that 
prolongs hospital stay and places a huge burden on ICU 
resources. Prevention requires a system-wise approach, 
and many prevention strategies are effective. It is intuitively 
believed that increasing investment for infection control is 
economically justified! Optimal analytic methods should 
.. be used to estimate the primary economic parameters. The 
primary reason to understand the cost of an HAI is to inform 
decisions about how to reduce the problem.?5 Because 
healthcare resources are scarce, HAIs should be reduced 
by allocating resources only to efficient infection control 
programs. The main cost ofan HAI is the extra stay in hospital. 
Estimates of extra length of stay based on sounder statistical 
methods tend to show a shorter estimated extra stay, which 
means that the cost of an HAI may have previously been 
overestimated. Also problematic is the method used to 
attach monetary value to lost bed-days, which is often based 
on cost accounting practices and not economic principles. 


B COSTS ASSOCIATED WITH 
| HOSPITAL-ACQUIRED INFECTION (BOX 1) _ 
To provide a comprehensive picture of the burden of HAI, all 


costs should be considered. Researchers working in the area 
of HAI rarely include costs that fall outside the hospital sector. 


lj METHODS OF COST ESTIMATION 


Extra number of hospital days more than the average in HAI 
patients may be the easiest and simplest of estimating the 
attributable cost of HAI. These estimates are not very accurate 
and probably only help in raising the awareness of this issue 
of extra health care. There are other ways of estimating 
attributable cost of HAI, e.g., concurrent and comparative 
methods. 


In the concurrent method, appropriately trained staff is 
needed for cost estimation purposes. Wakefield et al.’ used 
this method with trained personnel who assessed each 
day in a protocolized manner whether the reason of extra 
hospital stay was due to HAI or underlying disease process 
or both. In the comparative method, resource allocation 
is estimated after HAI patients were matched with controls 
as regards the confounders in resource allocation such as 
age, gender, underlying diagnosis, treatment received, and 
comorbidities.? Hyryla and Sintonen? and Plowman et al.!° 
similarly studied prospectively a cohort of patients and 
documented their HAI status and hospital cost and used a 
regression model, along with other control variables, in order 
to identify the effect of HAI on cost outcome. This is more 
labor intensive but more accurate approach for true cost 
estimation attributable to HAI, in which controls are properly 
matched and confounding variables are accounted for and 
a level of significance with confidence interval around the 
estimate is available to get an idea of the spread of attributable 
cost due to HAI. 

Another important issue in estimating attributable cost 
due to HAI is to have an estimate of the baseline cost. Usually, 
the same cost for each hospital day is assumed which is 


Box 1: Costs associated with hospital-acquired infection 
e Opportunity costs to health services 


© Hospital services inpatient stay (inpatient days, investigations, 
treatments) 


9 Outpatient consultations (consultations, investigations, 
treatment) 


© General practitioner (consultations, investigations, treatment) 


© Private nursing and other (nursing care, investigations, 
treatments) 


« Private costs to patients and informal carers 


© Qut of pocket expenditures (travel, medicines, miscellaneous 
expenses) 


© Other consequences (death, anxiety, pain/discomfort) 
* Other costs to society 
o Production losses due to inability to earn 
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. erroneous. Moreover, this method does not take into account 


other confounding variables for resource allocation like age, 
diagnosis, infection status, etc. This method. might conceal 
the real pattern of resource use. 

‘Haley et al. have advocated another method of micro- 


costing. In this method, the various components of patient. 


care are accounted for, and estimates of cost are made for 
each of them: In another study!! using microcosting method, 
all the resources used by patients were assessed including 
information of all laboratory, pathology, procedures, and 
imaging tests. The cost estimates of these resources were 
done. Hospital overheads, capital assets, and management 
function tests was also taken into account and attributed to 
the patient. This method takes into account the opportunity 
cost of using hospital resources. 

One more approach is to maximize the amount of health 
gained from a defined pot of resources. This is called an extra- 
welfarist view of economics!? and is used widely in health 
services decision making. 

The extra-welfarist approach uses a conceptually simple 
rule to guide decision making. The change to cost from 
a decision to adopt a new health intervention (such as a 


novel infection control intervention) should be adequately . 


compensated by the change to health benefit. Changes to 
cost are summarized in monetary terms, and changes to 
health benefit are normally described by means of quality- 
adjusted life-years (QALYs), which combine information on 
the quantity and quality of years of life gained." The number 
of QALYs gained from infection control demonstrate 
improved quality of care, because lives are saved, and 
events that reduce the quality of life for hospital patients are 
avoided. 


HOSPITAL AND COMMUNITY 
HEALTH SERVICE COSTS 


Plowman et al. reported costs borne by patients both in 
and outside the inpatient hospital sector with predominant 
cost borne by the inpatient sector.!° The limitation of this 
report was that it was restricted to certain specialties only 
constituting 7096 of all admission and cannot be generalized 
to all inpatient disciplines, where the cost estimates could be 
considerably higher. 


& CONCLUSION — 
The policy makers need guidance regarding investment in 
infection control by appropriate estimation of attributable 
cost of an HAI and benefits that can be gained by such 
investment. Thus, an infection control program could save 
substantial amount of money by avoiding, say 20 infections, 
and these infections had an attributable cost of X 10,000. The 


"hospital could have net benefit by investing into infection 


control program with cost of investment less than X 100,000. 
With rigorous evidence-based cost estimation models, one 
can influence the policy makers in appropriate allocation of 
hospital budget. 
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Cost Minimization in 
Intensive Care Unit 


Pradeep Rangappa 


E INTRODUCTION 
The cost of intensive care is widely recognized as being both 
expensive and increasing.! It is estimated that there are about 
70,000 intensive care unit (ICU) beds available including all 
typesandacrossallhospitals and small-time nursing homesin 
India that cater to 5 million patients requiring ICU admissions 
every year? India currently spends 11,030,000 million on 
healthcare, which is projected to grow to 32,830,000 million 
by 2012,” intensive care accounts for 20-30% of a hospital's 
.. budget? In the absence of comprehensive insurance cover, 
>80% patients have to pay out of their pocket for healthcare 
services. The burgeoning cost of intensive care encompasses 
the capital equipment, estates, nonclinical support services, 
clinical support services, consumables, and manpower costs. 
Cost minimization is a pharmacoeconomics tool, which 
can be applied across various facets of care delivery in an 
intensive care one of them being comparing two drugs of 
equal efficacy and equal tolerability. 


BL DEFINITION 


Cost-minimization analysis measures the differences 
between two altemative interventions with an assumption 
made that both the interventions are equally effective and 
difference exist only in the cost.) Costs are compared with an 
assumption that the intervention with lower cost is adopted. 


B COST ANALYSIS PERSPECTIVE — 


Cost analysis perspective could be healthcare related 
including patient and ICU variables and society related, 
which is considered the gold standard. Example of former 
includes conducting an economic evaluation of early goal- 
directed therapy (EGDT) from an ICU’s perspective, only 
costs incurred by the ICU are included. Such costs may 
include personnel (medical, nursing, and allied health), 
clinical support services (such as radiology and pathology), 
consumables (such as medications, clinical supplies and 


nonclinical supplies), and capital equipment costs. However, 
if conducting the analysis from a societal perspective, all costs 
(and benefits) should theoretically be included, regardless 
of who incurs the costs (or receives the benefits). Therefore, 
costs borne by patients and their relatives such as the costs of 
transport to healthcare appointments and lost wages should 
be included, as should the costs to the patient’s employer as 
a result of the patient being absent from work. In a systematic 
review of the critical care cost-effectiveness literature, only 
2 of 19 identified analyses conducted their evaluation from 
a societal perspective with all others conducted from a 
healthcare perspective.* 


IDENTIFYING ALTERNATIVES 


Cost-minimization analysis involves comparison of two 
or more interventions. Newer interventions are compared 
with current practice, which becomes a comparator, e.g., 
dexmedetomidine versus midazolam as a tool to reduce 
delirium and duration of mechanical ventilation. Choosing 
the right alternative for the purposes of comparison is 
important. Comparing a new intervention to a costly or 
inefficient practice may artificially infer a new intervention is 
highly cost-effective. Likewise, comparing a new intervention 
to an out-of-date or little used intervention will not provide 
results that are generalizable to the broader population that 
may be the target of the intervention. 


8i COST OF INTENSIVE CARE: 
B GENERAL PRINCIPLES — 


Every intensivist should actively be involved in under- 
standing the costs in their individual unit and how it relates 
to therapeutic activity, case mix and clinical outcome. 
This would help to allocate resources efficiently, thereby 
improving the volume and quality-of-care. 

In general, there are two methods of costing described 
as "top down"2 and “bottom-up’5 method; each having 
its advantages and disadvantages. There are six cost blocks 
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identified in intensive care, which include (i) staffing costs, 
(ii) clinical support services, (iii) nonclinical support services, 
(iv) consumables cost, (v) real estate costs, and (vi) major 
capital equipment. The capital costs were converted into 
dollars using the purchasing power parity, which allowed for 
the first time, the comparison of ICU costs from one country 
to another using common reference point. 


; COST OF INTENSIVE CARE IN INDIA 


One reference study done in India more than 10 years back by 
Parikh and Karnad’ showed that ICU cost per patient per day 
was* 1973, which is far less compared to the current prevailing 
cost. Current cost for a patient in tertiary referral ICU in any 
of the metro city in India per day ranges anywhere between 
320,000 and 340,000 or more. The authors in their study have 
expressed their opinion on reuse of sterilized material, which 
were meant to be single use as a cost-minimization measure 
commonly practiced in Indian hospitals. One such example 
being reusing percutaneous tracheostomy set up to 3-4 times 
after sterilization, which may curtail the consumable cost to 
the patient. 

It was also shown in the study that unit which functions 
as closed unit with good resident staff coverage significantly 
improved quality-of-care and effective resource utilization.’ 
One of the limitations of this study showing significantly 
low-ICU cost could be attributed to 6596 of patients in this 
study were referred from other hospitals after undergoing 
treatment for 2-7 days. It has been shown clearly that resource 
utilization and increased costs in ICU occur during the early 
phase of ICU care typically the first 2-3 days.? 


i! COST-BLOCK ANALYSIS AND 
8 COST-MINIMIZATION VARIABLES _ 


Capital equipment comprises two-thirds of the established 
cost in intensive care. Indigenizing the equipment, procuring 
the equipments from local manufacturers albeit not 
compromising on the quality, if available, and minimizing 
the import of equipment has achieved significant cost 
minimization. Indian manufacturers of medical devices and 
equipment have been steadily growing in last decade with 
major International manufacturers setting up a local base. 
Most imported equipments are well subsidized given the 
sheer volume of business they are exposed to in a populous 
country like India. Indian Society of Critical Care Medicine 
guidelines advocate the consultant intensivist to have a 
clear role in the choice of equipment and recommend that 
the intensivist would not compromise on the quality in an 
attempt at cost minimization or profit maximizing. Another 
innovative measure toward cost minimization would be 
sharing a pool of equipment between ICUs in a common 
geographical location or leasing the equipment. 


Estate costs hugely vary between different geographic 
locations and within a city. Due to increased heterogeneity 
in this area, factoring in this cost and measures of cost 
minimization in this block is difficult. The components of 
nonclinical support services include catering, cleaning 
laundry, .uniform, administration costs of the staff 
employed by the ICU, and miscellaneous expenditure such 
as stationery, telephone, photocopying, etc. Comparable 
data from other industries such as information technology 
and banking reveals a low investment, operating, and 
maintenance costs for these categories in India. It is unlikely 
to be different in healthcare industry and contributes less 
toward overall ICU costs. 

‘Clinical support services are directly related to patient 
therapy but are not supplied by the ICU. It includes all 
services rendered to ICU patients from outside ICU like 
physictherapy, radiology, dieticians, and other specialty 
clinical services such as cardiology, nephrology, and 
laboratory services. Comparative figures from the United 
Kingdom showed that this block constitutes 5-7% of the total 
ICU resource utilization.!° There is increasing evidence that 
closed ICU®!!"!* has better outcome and resource utilization 
than open ICUs translating to cost minimization. In an open 
ICU, increasing number of clinical support services will be 
adding to the overall costs. 

Manpower cost is defined as net pay out for medical and 
nursing staff employed fully or partially in ICU. Figures from 
the West quotes a high percentage (about 50%) of the total 
costs of ICU which are clear reflection of the labor-intensive 
requirements as well as high level of remuneration for both 
medical and nursing staff within critical care. However, this 
is different in India with low-staff wages as shown in study by 
Parikh and Karnad resulting in lower cost to this block. On 
the flip side, high level of attrition, increased workload, and 
migration to other countries create an ongoing shortage and 
demand for support staff, which in turn affect quality-of-care 
and hence possible costs. 

Consumables will be the major determinant toward the 
total cost. Parikh and Karnad concluded that low cost of ICU 
care in India is partly because oflow cost ofgeneric drugs and 
recycling of consumables. Though the latter still holds true, 
the cost of drugs has increased enormously. This is a strong 
reason for the intensive care specialist to strictly adhere to 
evidence-based medicine when rationalizing the usage of 
drugs and look at avenues for effective cost-minimization 
measures, which will immensely benefit the patient. The 
number of drugs used in ICU increases with the duration of 
stay. It was noted that mean number of drugs on admission 
was 5.3, which increased to 12.9 on day one and 222 during 
the entire stay. Expenditure on antibiotic accounts for 
almost 50% of ICU cost in India. Moreover, inappropriate 
use ‘of broad-spectrum antibiotic is leading to increased 
incidence of multidrug-resistant bacteria in ICU.!6?? 
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E SHORT-CYCLE IMPROVEMENT 
* METHOD FOR COST MINIMIZATION 


This method includes identifying areas of improvement, 
defining mechanism to evaluate outcome, and initiation 
of improvement plan." This cycle is repeated with new 
adjustments to improve the outcome. Baseline data on areas 
for improvement is prospectively collected and protocols 
to initiate change are developed and tested by short- 
improvement cycles. Outcomes are evaluated, protocols are 
modified, and another cycle is performed. 

This method was validated in a study by Marx et al. 
in which three areas of improvement were identified: 
(i) standing orders for routine laboratory tests, routine 
eletrocardiogram and daily chest X-ray were eliminated, 
(ii) protocol for sedation, analgesia and neuromuscular 
blockers were implemented, and (iii) protocols for weaning 
from mechanical ventilation. 

By thiskind of protocolized care cost, saving was achieved 
in many aspects, e.g., laboratory tests were reduced by 6596, 
chest X-ray imaging was reduced by 56%, neuromuscular 
blocking agents cost was reduced by 7596, and ventilator 
hours were reduced by 35%. These resulted in decreased 
length of stay (LOS) by 1.5 days with cost savings of 4?6 per 
patient per day annually. There was an added advantage 
of decreased incidence of nosocomial infection with no 
significant difference in the mortality from baseline. 


| RATIONING AS A TOOL 
| FOR COST MINIMIZATION? — 


Caveats of cost minimization in critical care include 
difficulties in estimating marginal costs of critical care 
treatments, limited evidence for any treatments with efficacy, 
and the ethical principle of rescuing identifiable lives in 
imminent risk of death. Given the burden of critical illness 
and the wide variation in resources a global approach to 
rationing is untenable. 


Allocation 


High-ICU costs are driven by the use of high technology 
and its labor-intensive area nature of healthcare. However, 
there is lack of evidence for many intensive care services, 
including evidence supporting criteria for ICU admission. 
Certain decisions in ICU, like not prescribing antibiotics for a 
presumed viral infection, are the sort of healthcare rationing 
decision with clinical consequences.” 

Allocation decisions are sometimes subtle and may 
be taken when there are no limitations on the alternatives, 
which might be an expensive option but more beneficial for 
the patient. Examples of such allocation decision could be 
use of cheaper antibiotic and other drugs, nurse to patient 
ratio, or use of an ICU bed in cases of small benefit, for 
example patients at low risk of complications. Allocation 


decisions bring two major ethical conflict can occur with 
these allocation decisions. The physician may act in the best 
interest of patient following ethical principle of beneficence, 
whereas the ethical principle of justice may lead clinicians 
to act fairly.” For example, triage, prioritization, and cost- 
effectiveness are all some form of allocation decision.?»?9 


Allocation versus Evidence-based Medicine 


Decisions, which are predominantly evidence based, are not 
rationing decisions. These interventions are often termed 
futile, medically inappropriate, or experimental??? For 
example, withholding transfusion for hemoglobin of 7 g/dL 
is not rationing blood because there is evidence that blood 
transfusion above this limit may be harmful.”° Similarly, 
decision not to use human growth hormone, which is 
expensive, is not a rationing decision because this treatment 
has not been shown to be ineffective and may be harmful.?® 

There are various factors that influence clinician's 
assessments of risk benefit balance of various interventions. 
These may include the value the clinician assigns to being 
wrong, objective evidence viewed with subjective values 
and biases, the value assigned to trying to "rescue" a patient 
in imminent danger of death; the clinician's tolerance for 
uncertainty; the impact of the decision on the clinician's 
finance; biases about the patients age, gender race, 
functional status as well as the cost or availability of the 
resource.?93? Transition from summary of evidence to cost- 
based recommendations are subtle. For example, the authors 
ofarecent systematic review of colloid resuscitation in critical 
care conclude that “there is no evidence from randomized 
controlled trials that resuscitation with colloids reduces 
the risk of death compared to crystalloids in patients with 
trauma, burns and following surgery"?! This is a statement 
of their summary of evidence of efficacy. Like many 
treatments in the critical care, the evidence neither supports 
nor completely refutes the use of colloids as resuscitation 
fluids in the critically ill. However, the authors conclude, "as 
colloids are not associated with an improvement in survival, 
and as they are more expensive than crystalloids, it is hard 
to see how their continued use in these patient types can be 
justified outside the context of randomized controlled trials” 
Although the first statement may be a fair summary of the 
evidence, the recommendation against using colloids in the 
second sentence is fundamentally a rationing or allocation 
assessment based on cost-effectiveness. It incorporates 
an implicit strategy that recommends only treatment that 
has demonstrated benefit related to their cost. Although 
one might conclude from the author's review that colloid 
resuscitation is experimental or that its benefit is likely to 
be small, the reasoning for recommending against its use 
is based on the cost of the treatment. This example shows 
how assessments of cost can creep into evidence-based 
recommendations for therapy, even without formally 
discussing allocation. Clinicians may find decision of futility 
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or appropriateness less ethically problematic than decisions 
made factoring in the cost and rationing. 

Treatments, those are risky and expensive, will require 
more evidence to convince physician to adopt it in practice 
thantreatmentsthosearesafeandcheap. Headofbedelevation 
to prevent ventilator-associated pneumonia in mechanically 
ventilated patients, as it is safe and inexpensive, it has been 
adopted widely though the evidence supporting its benefit 
in hard endpoints like decreasing mortality or reducing ICU 
LOS is limited. On the other hand, expensive interventions 
like kinetic beds, topical prophylactic antibiotics and special 
endotracheal tubes are used less commonly despite evidence 
supporting their use. Thus making allocation decision, which 
is objective, explicit and transparent should take into account 
the complexity of assessing efficacy and cost. 


Illusory Cost Savings 


Since the earliest days of intensive care, technological, 
workforce and organizational innovations have been 
proposed as opportunities to reduce the exorbitant cost of 
critical care, In 1972, an optimistic author wrote, "The more 
promising approaches to costreductionareallin an early stage 
of development now. Both deprofessionalization of the ICU 
by wider use of allied health personnel and the automation 
of therapeutic functions are just beginning to be applied"? 
Despite implementation of both of these measures, there is 
litle evidence that cost increases in hospital- or ICU-based 
care have been curbed by technological innovation. This is 
not surprising given that technological innovation in other 
areas of healthcare, although often associated with better 
outcomes, is rarely a source of cost savings. 

There are certain mistaken beliefs regarding cost 
reduction in ICU: (i) that less cost will be incurred if ICU LOS 
is shortened, (ii) decrease in laboratory test will reduce the 
cost of care, and (iii) that restricting admissions of patients 
with futile care will save money. It is also importantto realize 
that these cost savings may be at the ICU or hospital level. 

The erroneous belief that decreasing LOS will decrease 
cost can be inferred from a cost-effectiveness analysis of 
antibiotic-coated catheters.” In this study, the authors 
assigned a cost of $9,738 to a catheter-related bloodstream 
infection.? Patients with catheter-related infections have 
more risk-adjusted increased LOS.” The cost of a catheter- 
related infection may be calculated by multiplyingthe number 
ofextra days spendsin the hospital times and the hospital bed 
cost for a day in the ICU or ward. The randomized trials with 
antibiotic-coated catheters have not, however, convincingly 
showed decrease in ICU LOS.” Thus the money "saved" by 
reducing LOS is a different kind of money than money spent 
in buying the catheters. 

In another example, if a drug is administered once daily 
than multiple times it is assumed to be less costly as the labor 
costs associated with administering medication is frequently 
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one may not be able to hire 15% fewer nursing hours. This 
is because, if there is a need for 1:1 nursing care, the patient 
will continue to need this level of care regardless of whether 
the nurses are administering once-daily medication or not. 


-Efficient use of nursing time may be achieved by changing 


nursing routine but this may not be reflected in a cost 
reduction. A reasonable criterion that needs to be considered 
‘as a cost saving measure is to see whether it will reduce the 
amount of staff that need to be hired or whether it will reduce 
acquisition costs for equipment or medication. If it will not 
then cost savings will not likely to happen. 

Intensive care unit costs are maximum in the first few days 
of ICU stay, but most of the cost effective analyses erroneously 
assume a constant daily ICU cost.* Thus interventions which 
only reduce the last few ICU days will not have much impact 
on cost saving. This observation is rarely accounted for in the 
cost analysis, 

Decreasing laboratory tests have been advocated as a 
cost-saving measure in ICU, which is justified on clinical 
grounds. False positives may lead to treatment of disease 
entities, which never existed. Charge-based analysis of ICU 
costing may give a false cost-saving impression in these 
situations. Saving cost by ordering one less blood gas when 
one has already purchased the blood. gas analyzer and hired 
a technician may not be an effective strategy. The reduction 
in test ordering have to be of sufficient magnitude to decrease 
hiring less technician and purchasing less equipment to 
translate into a cost-saving maneuver. On the other hand, 


decreasing test order will lead to budgetary constraint on the 


laboratory, ifstaff numbers do not decrease proportionately. 
Point-of-care testing devices, which lead to less laboratory 
test ordering may be justified on clinical grounds but will not 
reduce overall hospital cost. Admitting patients with terminal 
illness to ICU may appear initially to be cost saving on face 
value, as they consume less ICU resources but this strategy 
may affect care that other patient with potential for survival 
might receive and may worsen overall health outcome." 


ADHERING TO QUALITY INDICATORS 
| AS TOOL FOR COST MINIMIZATION — — — 


A quality indicator is a screening tool to identify potential 
suboptimal clinical care.?? Quality indicators provide a 
measure of quality-of-structure, process and outcome of 
care? and can serve as instruments to improve healthcare. 
Structure indicators are related to the resources and means 
to be able to give treatment and care. Process refers to 
the activities related to treatment and care. Outcome is 
defined as changes in the state of health of a patient that 
can be attributed to an intervention or to the absence of 
an intervention. There are 120 identified quality indicators 
with their respective benchmarks. Adhering to these quality 
indicators significantly reduces the risks of iatrogenic 
and organizational adverse effects on patient outcome, 
significantly reduces the ICU LOS translating into cost 
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minimization. Of these 120 quality indicators, there are 20 
bare minimum indicators, which are expected of every ICU to 
adhere to for patient safety, improve outcomes, and minimize 
cost. Seven of these twenty are most commonly used with an 
acronym “FAST HUG” indicating early feeding, adequate 
analgesia, adequate sedation, thromboprophylaxis, head- 
end elevation, stress ulcer prophylaxis, and glycemic control. 
The other 13 bare minimum indicators to be adhered to are: 
1. Aspirin use for ischemic heart disease 
2. Early vascular reperfusion for ST elevation myocardial 
infarction 
3. Early surgery for evacuable intracranial hematoma 
4. Intracranial pressure monitoring 
5. Restrictive transfusion policy 
6. Adverse events reporting 
7. Adequate information provision to patient and families 
8. Quality-of-life assessment 
9. End-of-life care in ICU 
10. Early goal directed therapy 
11. Hand-washing policy 
12. Twenty four hour intensivist cover 
13. Facilitating organ donation.” 

The main goal is to use the indicators for internal 
comparison and internal use, by comparison within an ICU 
over time and by comparing with other ICU's on a national 
level. The indicator set currently identified can be used 
both to measure and to improve quality-of-care delivered 
in ICUs. Feedback on the indicators and comparison with 
other may stimulate improvement in quality for doctors, 
nurses, and other healthcare workers thereby improving 
the efficacy and cost-effectiveness of manpower. For 
comparison between ICUs, case mix plays a major role. For 
example, a method to make differences in mortality rate 
easier to interpretis to correct for severity of illness by using 
standardized mortality ratio. The set of indicators and their 
audit give a relatively quick view of the quality-of-care in 
individual ICUs. 


j USE OF GENERICS AS A 
TOOL FOR COST MINIMIZATION — Á— 


Most studies related to cost minimization in healthcare are 
derived from United Kingdom and Unites States. The studies 
are mostly done with retrospective data and outpatient 
registries. There is considerable interest and debate 
concerning the place of generic substitution (switching from 
a brand to generic product); and on therapeutic substitution 
that is switching to a cheaper, but apparently equivalent, 
product, usually within the drug class. 

The National Audit Office of United Kingdom published 
a follow-up report in May 2009 stating that substantial cost 
saving was achieved by substitution strategies in primary 
care with statins, proton pump inhibitors, drugs that affect 
the renin angiotensin system, and clopidogrel. Some 
authorities have excluded the use of generics in certain areas 


like modified or sustained release preparations, medicines 
with a narrow therapeutic window, vaccines, biosimilars, and 
controlled drugs. ^ 


Evidence for Generic Substitution 


Generic prescribing is usually considered to be cost- 
effective. There has been gradual increase in generic 
prescribing in some countries, e.g., in England, it increased 
from 30 to 8896 over 5 years from mid 80s, which constituted 
65% of all prescriptions because for the rest only a brand 
product was available as drugs were not "off patent" or 
because no generic alternative was available. This is in 
stark contrast to the outpatient practice in United States, 
where branded product prescription is almost a rule even 
when a generic equivalent was available. This resulted in an 
estimated $8.8 billion in excess expenditures per year in the 
United States." This potentially may reflect physician and 
patient beliefs that brand name drugs are superior to their 
generic counterparts.** This difference among countries may 
be influenced by the local health, government, corporate, and 
insurance, policies. Generic manufacturers have to submit 
proof of bioequivalence to the regulatory authorities for 
approval. European regulations state that generic products 
must be shown to have bioavailability within the range of 
80-125% of the reference product. 


Studies Supporting the Bioequivalence of 
Generics to Branded Medicines 


In one comparison of generic and branded salbutamol 
inhalers, 4596 of patients claimed to have been able to detect 
some difference between their usual branded salbutamol 
inhaler.and the generic one.? A survey in Germany found that 
37% of patients expressed skepticism about generics because 
of their lower price and these patients were more likely to 
consider generic drugs inferior to branded products.° 

In a systemic review and meta-analysis, there was no 
evidence of superiority of brand name compared with generic 
drugs.?! In another systemicreview ofantiseizure medications 
indicated no difference in the odds of uncontrolled seizure 
for patients on generic medications compared with patients 
on brand-name medications.” 

The principle for substituting branded products for 
therapeutically equivalent alternatives is that of cost- 
minimization analysis, which is dependent on the notion 
of equal outcomes at reduced cost. The United Kingdom 
now has one of the highest rates of generic prescribing in 
the world (83% in the community in England in 2008). The 
main drivers for this in the National Health Scheme may 
be the historic belief in generic prescribing in medical 
schools and hospitals and that generic drugs are generally 
cheaper than their branded counterparts. Pharmacists play 
a large and important role in generic drug use and efforts to 
increase generic drug use directed at pharmacists should be 
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maintained.” Additional efforts to increase generic drug use 
likely should be targeted at prescribers. 


i$ CONCLUSION 


From the studies reported, we could concur that significant 
cost minimization could be achieved by comprehensive 
approach encompassing short-cycle improvement, rationing, 
adherence to quality indicators and their benchmarks, and 
the use of generics. By applying this cost-minimization 
“measure in all the nonlife-saving drugs used in ICU, there 
can be tremendous cost saving that could be achieved for 
the ICU patient. These cost-minimizing strategies need 
to be customized and individualized considering the fact 
that quality-of-care will suffer, if cost cutting is the sole 
determinant of care. A balanced approach is advocated 
and the cost-block methodology is the most efficient tool 
in these circumstances. Other administrative aspects like 
Staffing pattern, reducing medical errors, ongoing audit, 
telemedicine, preventive care, etc. can also help in bringing 
down the total ICU costs. 
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| CHAPTER | 


Methods of 
Cost-effectiveness Analysis 


& INTRODUCTION 


Healthcare costs are constantly increasing due to rising cost 
of medicines, appliances, use of more.and more advanced 
and complex technology in healthcare delivery and rising 
aspirations of patients for a complete or near complete 
recovery. Since private sector caters to most of the serious 
patients at least in India and there is a rise of medical 
litigation with its cascading effects on diagnostic tests and 
therapeutic interventions, this becomes an important issue 
for the medical fraternity to address. In critical care, the 
technology required to treat, human resources required to 
care, and the interventions required to support the failing 
organs for a varying period oftime need more resources than 
most other disciplines in healthcare. In the United States, 
critical care beds account for 5- 1096 of all acute care beds; but 
accounts for 20-34% of acute care resources which amounted 
to 1% of gross domestic product (GDP) i.e., $67 billion 
(in 1994).! Healthcare costs at that stage was accounting for 
14% of GDP which was predicted to grow at 2% every 3 years. 
In India, government spending in healthcare is still «396 of 
GDP and therefore large section of the society falls back on 
private sector which provides high-end care at a very high- 
cost considering the average annual income of less than 
$1,500 for an Indian. Most of this cost comes from insurance 
companies and corporate houses (for their employees), but 
majority of patients are still to pay in cash from their earnings. 
It is often seen that patients have to sell their assets to meet 
the healthcare costs, particularly intensive care costs. It is, 
therefore, necessary to understand the economics of critical 
care before one could try to evaluate its effectiveness and 
contain it. 


“DEFINITIONS 


Cost and Charge 


Costand charge are not the same. Costisthe true expenditure, 
while charge is what the hospital would like to reimburse 
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from the patient. Charge includes cost plus profit that a 
healthcare provider would like to make. Cost can be derived 
from charges based on hospital-specific "cost to charge" 
ratios, if available. For cost-effectiveness considerations, 
cost is taken. Cost can be "direct and indirect" (and 
intangible) and "fixed and variable" Direct costs are labor 
and goods utilized in care delivery and indirect costs are 
due to productivity loss because of illness. Intangible cost is 
due to pain and suffering associated with the intervention. 
Fixed costs are the costs which remain the same regardless 
of the output and include the cost of man, machine, and 
maintenance. Variable cost is the cost of medicines and 
consumables and the cost required to temporarily increase 
for a temporary surge of patients in intensive care unit (ICU), 
e.g., hiring more number of nurses. 


Cost-effectiveness 


Cost is all expenditure that is made for a given set of alter- 
natives and is measured in terms of money and effectiveness 
is benefit expressed in terms of outcome i.e., number 
of survivors, number of years of life gained or quality- 
adjusted life years (QALYs). A cost-effective ratio (CER) is 
calculated for each alternative and compared. Incremental 
cost-effectiveness ratio is defined as incremental cost of 
treatment being evaluated compared to standard treatment 
or incremental benefit compared to standard treatment. 


Cost-benefit 


Cost-benefit is usually meant as cost-effectiveness except 
that cost-benefit is calculated in monetary terms thus not 
applied to clinical outcomes. 


Cost-utility 


Cost-utility is a subset of costeffectiveness in which it 
attempts to incorporate mortality and morbidity in a single 
effectiveness measure such as QALYs. 
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Cost-minimization 


Cost-minimization simply measures the cost without taking 
effectiveness into consideration. 


Cost-consequence 


An analysis where cost and consequences are noted 
separately allowing the end user to choose the costs and 
consequences relevant to their situation. 


Cost-effectiveness Analysis 


Cost-effectiveness analysis (CEA) compares the expected 
benefits of an intervention with its net costs. 


Cost-utility Analysis 


Cost-utility analysis (CUA) is a type of CEA that uses cost 
and effectiveness of therapies using QALYs, e.g., the quality 
(utility) of a health state dependent on a ventilator is lower 
than independent of a ventilator. 

Cost-utility analysis is calculated in two ways:either by 

“top-down” or “bottom-up” method.? 

1. Top-down method: It takes the overall cost of care in ICU 
and divides it by total number of patient-days of care to 
get the average cost per day. To this, some estimate of 
overheads is added for calculating the average bill per 
day to the patient. This calculation is usually easy but not 
necessarily accurate 

2. Bottom-up method: This approach takes into account 
the cost of discrete items that are used and the cost of 
many hours spent on the patient. Even with these details, 
assigning a financial value to these costs is not easy as 
cost of air conditioning, maintenance, infection control 
practices, waste disposal, etc. are not factored into this 
calculation. So not surprisingly, top-down and bottom- 
up approaches give quite different cost estimates. 
Top-down approach is generally adopted by most 

researchers. The researchers of “the cost-effective study 
of antimicrobial coated catheters” used this approach to 
calculate each day's ICU cost in 1999 as $1,152 which was 
roughly three times the average hospital day's cost.’ A simple 
calculation can be made from the increase in ICU stay by 
5 days due to catheter-related bloodstream infection (CRBSI) 
will increase the bill by $5,760 (1,152 x 5). Conversely, if the 
average length of ICU stay (ALOS) at the end of the year is 
reduced by 0.5 day and the total number of patients treated 
is 500, then the money saved (which goes to the bills) for all 
of them are $288,000 (500 x 0.5 x 1,152). In addition to the 
savings for the patients, the hospital can also treat more 
number of patients (ICU patient days gained/ALOS = no. of pts 
who could be accommodated) with the same establishment 
and infrastructural maintenance cost. This simple arithmetic 
calculation, however, may not hold true in a real life situation 
for the following reasons: 


e Variable costs (pharmacy, investigations, consumables, 
etc.) per day toward last days or hours of ICU stay are 
much less compared to first few days of admission.’ So 
saving these last few days in ICU will not deduct much 
from the expenses 

e Reducing ICU stay can even increase the hospital cost 
as the new patient will require more therapies and 
investigations in first few days even though it creates 
more access for the needy patient 

e Ifan intervention such as early surgery, reduces ICU stay, 
the ICU cost reduction will be less even though that needs 
to be done. 

Turunen et al. studied the economic benefits of 
dexmedetomidine sedation versus midazolam and propofol 
sedation in reducing the days of mechanical ventilation. 
There were criticisms for these trials; but certain findings 
are worth noting. Firstly, reduction of a day on mechanical 
ventilation would cost 33% less compared to a day on 
mechanical ventilation and secondly, they did sensitivity 
analysis to find out ifcosting assumptions changed the results. 
Though dexmedetomidine was cost-effective in all scenarios, 
the savings were small compared to propofol and that has to 
be interpreted against dexmedetomidine's disadvantages of 
bradycardia and hypotension. 


COST-MINIMIZATION 
VERSUS COST-EFFECTIVENESS — 


Cost-minimization assumes that the considered treatment 
or technique does not affect the “nonmortality” outcomes 
adversely. The protagonists of this approach generally take 
some morbidity parameters such as “days of mechanical 
ventilation” as a parameter of weaning and ALOS. While 
the former parameter is reduced in a case of “successful 
weaning’ it is also reduced in a case of “dying early" Similarly, 
ALOS could come down if patient spends 1 day Jess in ICU 
and it can also come down if relatives take away their patient 
because of so many reasons. So cost-minimization is now 
replaced with cost-effectiveness which positions cost against 
safety and efficiency. 

In a study of cost-effectiveness in critical care in the 
United Kingdom, evaluation of trends in inputs (beds, costs), 
processes (discharge practices, length of stay, transfers 
between units and readmissions) and outcomes (unit 
and hospital mortality) were compared with adjustments 
for case mix between 1998 and 2000 with last quarters of 
2000-06.’ Differences in annual cost and QALYs were used 
to calculate net monetary benefits (one QALY gain was taken 
as equivalent to £20,000, i.e., $33,170). There were 96 critical 
care units and 349,817 admissions. In 6 years, the risk of unit 
mortality adjusted for case mix reduced by 11.3% and hospital 
mortality by 13.4% compared to steady state in 3 preceding 
years and there was substantial reduction in unplanned night 
discharges and transfers between units with the mean annual 
benefits increasing significantly signaling the changes were 
cost-effective. In another study in the United Kingdom, Ridly 
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and Morris reported that adult intensive care represents good 
value for money.? 


© COST-EFFECTIVENESS AS APART OF 
* HEALTH TECHNOLOGY ASSESSMENT 


Every new technology used in healthcare (in case of ICU, 
includes ventilators, monitors, drug delivery systems, 
catheters, representing fixed and variable costs) goes 
through systematic review, meta-analysis, clinical trials, 
epidemiology, and economicevaluation.? Health technology 
assessment (HTA) is undertaken by national agencies such 
as Agency for Healthcare Research and Quality in the United 
States and National Institute for Health and Care Excellence 
(NICE) in the United Kingdom. No such organization has 
been established in India, though the Indian Society of 
Pharmacoeconomics and Outcomes Research (ISPOR) 
have taken some initiative to do this work. National Health 
Systems and Resource Centre (NHSRC) under the National 
Rural Health Mission of Government of India (NRHM) was 
established in 2007 with an intention of improving health 
outcomes by system improvements, facilitating reforms, 
and sharing information amongst the various stakeholders. 
The first compendium of HTA was launched at the fourth 
International HTA fellowship in Chennai in August 2014. 
This was an outcome ofthe fellowship program organized by 
the NHSRC and WHO India during 2012 and 2013. Already 
more than 200 candidates have qualified for the fellowship 
in HTA. ‘this is a critical step towards establishing an 
organization for a comprehensive cost-effective healthcare 
development plan in India. 


Health Outcomes 


Effectiveness is assessed by health outcomes which are 
multidimensional parameters reduced to single index 
using health utilities, e.g., QALYs, ie. healthy years 
equivalents where a common unit is determined by using 
a multidimensional measure of health status, which is 
weighted according to individuals' preferences. So, 
QALY is a measure of length of life, expressed in life years, 
weighted by the health related quality of life as valued by 
a preference-based score. The QALYs aggregate the total 
health improvement for a group of individuals in one 
single measure. "Utility" is the value of a health outcome 
that can be received by the patient and his relatives. Feeney 
and Torrance demonstrated that utility measurement 
could be used to assess "quality of life" outcomes. They 
concluded that "when study specific utilities are carefully 
developed and deployed, they are reliable, valid and 
responsive^!! Once utilities are estimated, QALYs are 
compared with costs in the form of an incremental cost- 
effective ratio i.e., CER (refers to the ratio of incremental 
cost of new therapy compared with standard therapy to 


incremental health gain of a new therapy also compared 
with standard therapy) and comparisons between various 
interventions and management protocols can be made 
using cost per QALY gained.'? Strategies that cost less 
compared to the threshold per desired health outcome 
(e.g., cost per survival, measured in QALY) are considered 
cost-effective. The threshold to pay for desired -health 
outcome is traditionally put at $50,000 per QALY.'^* 
Economic evaluations must have a perspective (refers to 
"who is paying in the analysis; the hospital or patient or 
insurance companies or employer") and a timeline (the 
time period over which cost and outcome are analyzed). 
A cost-effective analysis (CEA) in a teaching hospital in 
South India evaluated the clinical and economic results 
of salmeterol or fluticasone, formoterol or budesonide, 
and formoterol or fluticasone in patients with severe 
and very severe chronic obstructive pulmonary disease 
(COPD). They showed that combined use of corticosteroid 
inhalations and bronchodilators in COPD has the potential 
to improve clinical outcomes compared to current practice 
without increasing the costs. ë 


Cost 


Cost is a function of resource quantities and their unit 
costs. Healthcare cost is calculated from direct medical and 
nonmedical costs, patients’ cost, and indirect production 
losses by the patient due to illness and death. Optimal 
use of a technology or strategy of management would be 
achieved when marginal cost (cost incurred to provide an 
additional service, calculated from labor cost, consumable 
cost, and overhead cost) is equal to marginal benefit also 
known as marginal utility (gain in service from a decrease 
in consumption of that service). In economics, utility is 
the satisfaction or benefit derived by consuming a product 
or service and marginal utility of a service is the change in 
utility from increase or decrease in the consumption of 
that service. As cost estimates and income levels vary in 
different populations, a CEA in one population would not be 
applicable in another unless it is a similar population. 


Utility 


Utility, a measure which ranges from 0 for death to 1 for 
perfect health, reflects patient's preference for a given health 
state which, when multiplied with number of years he/she 
survives in that state, generates QALYs. Cost-utility analysis 
is a type of CEA that examines the cost and effectiveness of 
therapies in terms of life years (QALYs) gained. 


Health Economic Analysis 


Cost and outcomes (including CER) could be taken as 
parameters in studies. 
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Methods for Cost-effectiveness Analysis 


The methods for CEA adopted are: 

e Building decision trees from the available literature 
which informs a computer-based model that is designed 
to predict outcomes and cost inputs are derived from 
surveying hospitals or patients accessing national data 
base or from the published literature 

e Incorporating an economic evaluation into a randomized 
control tria]. 197? 

A new therapy has to be proved as effective and then 
cost-effective before being introduced into practice. In 
certain countries like Canada and the United Kingdom, 
new therapies may not be approved unless they are cost- 
effective. The conventional ventilation or extracorporeal 
membrane oxygenation (ECMO) for severe adult respiratory 
failure (CESAR) was a trial designed with a parallel cost- 
effectiveness as an outcome.?! The authors found out that 
transporting a patient of adult respiratory distress syndrome 
(ARDS) to a specialized center for ECMO was associated with 
a 16.2% absolute risk reduction of death and disability at 6 
months. They also performed a CUA and found the cost of 
transport to the center with ECMO facility was £19,252 per 
QALY gained (at 2005 rates). 

In a meta-analysis of CEAs, 19 studies were identified 
between 1993 and 2003 with 48 CER pertaining to severe 
sepsis, acute respiratory failure, and general intensive care 
interventions.?? The cost-effectiveness of activated protein C 
in sepsis was analyzed as: 

e Cost per life year saved was $12,570-33,100 

e Cost per QALY gained was $20,047-48,800. 

It was a cost-effective (less than $50,000 per QALY 
gained) proposition but when it was stratified by risk, it 
demonstrated otherwise in that with Acute Physiology and 
Chronic Health Evaluation (APACHE II) «25, the incremental 
CER reached $575,054/year saved and $958,423/QALY 
gained compared with $19,723 and 32,872, respectively, 
in higher risk group (APACHE II >25). Similarly, the cost- 
effectiveness of mechanical ventilation in respiratory 
failure ranged between $26,283/QALY and 174,200/QALY 
depending on the risk factors. While in lower risk patients, 
mechanical ventilation was cost-effective, in higher risk (>40 
years, stroke, human immunodeficiency virus infection, 
pneumocystis pneumonia) patients, mechanical ventilation 
was associated with incremental CER of more than $100,000/ 
QALY gained. Likewise, admissions to ICUs, when studied, 
the CEA ratios ranged from $168/QALY saved in asthma to 
$189,339/QALY saved in hematological malignancies. At the 
time of this review, there seemed to be a general consensus 
in the US treatments with a CER of United States $50,000- 
100,000 was acceptable to the society. This figure could vary 
in other countries depending on the socioeconomic status of 
their population. 


Difficulties in Conducting 
Cost-effectiveness Analysis 


In order to study the cost-effectiveness of an ICU inter- 
vention, first it has to be ascertained that the intervention 
is effective and then its cost-effectiveness has to be studied. 
Generally, it is observed that most studies on CEAs take 
into account the hospital expenses (fixed and variable); 
but there are many other costs which also should be taken 
into account. Those costs are rehabilitation costs, home 
care costs, hospice costs, relative's personal out-of-pocket 
costs, and opportunity costs (cost of time spent for training 
physicians, nurses, and technicians and loss of earnings 
due to time spent by the family members in attending 
family meetings). With no accounting of these costs, a new 
intervention in ICU might prove to be effective but not cost- 
effective in terms of QALYs and quality of life gained. There 
are, as described earlier, two approaches for CEA which 
are (i) top-down and (ii) bottom-up. A top-down approach 
takes the total expenditure and divides it by the number 
of patients to get the mean cost per patient and a bottom- 
up approach tabulates painstakingly each component of 
expenditure for the patient to find the total expenditure for 
that patientat the end of his or her ICU stay. The first method 
is "attributable costing" and the second method is called 
"microcosting" Both approaches have got their pitfalls. If 
one takes the average cost in to consideration, it is not a 
true representative of the daily cost for an ICU admission; 
the initial 2 or 3 days are too expensive compared to the 
later days because of the instability of the patient requiring 
maximum investigations and interventions in the former. 
Therefore, reducing the ICU stay does not represent a true 
cost-effective parameter??? 

In order to do a'CUA, one needs to measure the quantity 
and quality of life over long time periods (not just ICU or even 
28 days' hospital mortality). Utility is expressed as 0 for death 
to 1 for perfect health (patients prefera particular value within 
this range for a given health state) multiplied by the number 
of years he or she survives in that health state to give QALYs 
among the survivors of critical illness.???9 Researchers have 
used surveys on patients using short form 36-dimensions 
or EuroQol 5-dimensions which ensures completeness of 
response and follow-up. These studies showed that survivors 
of critical illness have decreased survival, decreased quality of 
life, increased costs, and increased use of healthcare services 
compared to the normal population of that age group. 


Perspective 


Central to any cost analysis is the idea of perspective. For 
example, cost to avoid a ventilator-associated pneumonia 
(VAP) is important for the hospital; therefore, it is an 
outcome important to hospital’s perspective whereas QALY 
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represents a perspective important to patient, community, 
and agencies providing healthcare funding. In a study by 
Angus et al. with (activated) drotrecogin alfa in severe sepsis, 
the investigators, while examining incremental healthcare 
costs with one death averted in 28 days, found that it was 
$160,000 per life saved and $48,000 per QALY; this improved 
to $27,000 when risk of death increased and worsened to 
$100,000 per QALY if the subject lived for «5 years.?" While 
cost per death averted was calculated as per actual, the cost- 
utility ratio was calculated based on a modeling exercise. 


Incremental Cost-effectiveness Ratio 


Cost-effectiveness analysis could be utilized in comparative 
analysis of two interventions for the same condition. Cost 
effective ratio is the ratio of differences in cost to differences in 
effectiveness of the two therapies being compared. The lower 
the result, the better the cost-effectiveness profile. Shorr's 
study, while comparing the cost-effectiveness of linezolid 
versus vancomycin in methicillin resistant Staphylococcus 
aureus induced VAP, calculated that incremental cost per 
survivor, per life year saved, and per QALY was $67,000, 
22,000, and, 30,000, respectively.” In another study, cost- 
effectiveness of micafungin was compared with fluconazole 
for empirical treatment of candidemia in 1CU; the cost per 
QALY was $35,000 (26-50,000) and in a worst case scenario 
of multivariate analysis (all of the inputs are varied at the 
same time), where all the inputs were skewed in favor of 
fluconazole, the CER was $72,000 per QALY.” 


Inflation Adjustment and Discounting 


Cost-effectiveness calculations must do adjustments for 
inflation as the inputs for a model may represent the costs 
of the past and medical cost inflation is rapid. Likewise, one 
has to discount future costs (life time healthcare costs) and 
effectiveness (QALYs) estimates in both the numerator and 
denominator. The recommended annual base discount rate 
is taken as 3% (0-790). 


fl CONCLUSION 


Methods of cost-effectiveness in ICU are many and 
complicated. Getting the cost as per actual expenditure 
through bottom-up approach or by dividing the total 
expenditure by number of patients through top-down 
approach is not easy for a comprehensive cost calculation 
as many other costs, such as rehabilitation cost, home and 
hospice cost and opportunity cost are not generally included. 
Usual ICU outcomes such as ICU mortality, ALOS, average 
ventilator days, and 28 days hospital mortality are unsuitable 


as cost-effectiveness parameters. Quality-adjusted life ` 


year (QALY) and CER are better parameters for CEA in 
ICU. Cost-effectiveness analysis in ICU in India is still in its 
infancy. Some effort has been made by NHSRC under the 


auspices of NRHM. Setting our own CER for the ICU will 
go a long way in deciding the interventions in the ICU for 
our population. At present, in absence of a cost-effective 


. outcome parameter such as QALY for our population, we will 


always be at a disadvantage to assess whether our ICUs and 
our interventions are truly cost-effective. 
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Intensive Care Unit Costs and 
Resource-limited Settings 


JV Peter 


B INTRODUCTION 


Over the last few decades, improvements in public health 
services and better delivery of primary healthcare have 
improved sanitation, immunization, maternal care, and 
family planning that have translated to reduction in birfh 
rate, infant mortality rate, maternal mortality rate, as 
well improvement in life expectancy in India.!? National 
health programs focusing initially on infectious diseases 
such as malaria and tuberculosis and subsequently on 
noncommunicable diseases such as diabetes and cancer 
have helped to improve the quality and quantity of life in our 
country. Unfortunately, till recently, not much attention has 
been paid to critical care services in India. This is exemplified 
by the fact that there are only about 70,000 intensive care unit 
(ICU) beds in India for a population of over 1 billion; a large 
proportion of these beds (estimated to be around 90%) are in 
the private sector where patients have to pay for the cost of 
treatment. It is estimated that one episode of hospitalization 
accounts for about 58% of the per capita expenditure that 
pushes about 2.2% of families below the poverty line.’ Recent 
reports have suggested that the out of pocket expenses in 
India for health have increased from an already alarming 60% 
in2012 to 70% in 2015.*In light of these factors, it is important 
not only to look at ways by which the capacity of ICU beds in 
the country is increased, but also to explore mechanisms by 
which the cost of the services can be made affordable to the 
‘majority. 


E INTENSIVE CARE RESOURCES 


An important impediment for capacity planning and building 
in resource-limited settings has been the limited data on 
the availability of critical care resource, its utilization, and 
outcomes of'patients treated for critical illness! Although 
the 70,000 intensive care beds in the country would probably 
translate to around 0.5-0.6 beds per 100,000 population, 
information on the nature of such beds (distribution in 


terms of the level of the ICU beds as level I, II, or IIT) and the 
location of beds (rural, semiurban, and urban) is lacking. The 
deficiency in ICU beds in our country is in stark contrast to 
other countries where the number of ICU beds per 100,000 
population is 20 beds the United States, 3.5 in the United 
Kingdom, and 2.5 in Sri Lanka? Further, in the hospital . 
setting, it is recommended that about 10% of the beds are 
earmarked as critical care beds. In the United States, 13.4% 
of the beds are allocated for critical care,® while in Cape Town 
in South Africa it is about 6.6%.’ These estimates are not 
available for India, although it is likely that very few hospitals, 
except prebably the corporate hospitals, can afford allocation 
of 10% of beds for critical care. This is probably because of 
the perception that not only is critical care expensive, it is 
resource intense and the outcome of patients admitted with 
critical illness is poorer when compared with outcome from 
other disease processes. It may also be argued that allocation 
of additional resources to critical care may potentially steal 
away resources from other more reversible disease processes 
and surgical problems. 

Another factor that may be contributing to the slow 
pace of development of critical care in India, particularly 
in the public sector, is the quantum of allocation of the 
gross domestic product (GDP) for health. The World Bank 
estimated that the GDP allocation for health in India in 
2014 was about 4.7% compared with 5.5% in China, 9.1% in 
United Kingdom, and 17.1% in the United States? Current 
estimates suggest that in 2016, the allocation for health was 
a meager 3%.° To compound this, India loses about 6% of its 
annual GDP to preventable illnesses and premature deaths, 
seriously compromising on the health and productivity of the 
nation. With several competing needs for the GDP allocation 
to health for primary, secondary, and tertiary healthcare in 
the country, it is not surprising that allocation for critical 
care services is not à priority in the public sector. Thus it is 
imperative that the critical care scenario in India is carefully 
studied. Three aspects merit discussion: (i) mitigation of 
risk of critical iliness, (ii) provision of appropriate/adequate 
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intensive care services, and (iii) optimal utilization of the 
available resources. 


. Mitigation of Risk of Critical Illness 


Several measures need to be considered in order to mitigate 
the risk of critical illness in the community (Flowchart 1). 
One of the major factors that strains critical care services in 
India is the continued burden of infectious diseases. Sepsis 
and septic shock due to tropical diseases like malaria, scrub 
typhus, and dengue continue to plague our nation, in addition 
to other infections such as urosepsis, pneumonia, and central 
nervous system infections. Mortality due to sepsis as a whole 
is considerably higher in sub-Saharan Africa (5696) and South 
Asia (29%) than the 6% in high-income countries. Aggressive 
public health measures to control the vectors that transmit 
these infections would translate to a reduction in the burden 
of critical illness. 

In those who develop illness, easy, and rapid access to 
healthcare is crucial. The time lag to seek medical help is often 
long, particularly in remote areas of the country, resulting in 
significant derangement of physiology that makes it more 
difficult and longer to reverse, placing further demands on 
an already stretched system. Time delays to some extent have 
been addressed by the provision of 108 ambulance services 
in the country that are generally able to reach the patient 
quickly and transport to the nearest healthcare facility 
within 15-20 minutes.!° However, at times, when the patient 
does reach a base hospital, the first responder may not be 
available and even if one is available, the healthcare worker 
(e.g., nurse or doctor) may not be adequately equipped or 
trained to manage critical illness. Appropriate facilities may 
not always be available at the first point of care, including 
basic equipment for monitoring, treatment, and diagnosis.!? 
Laboratory services may be limited by manpower or lack of 
proper maintenance of equipments. The supplies of essential 
medications may be erratic and radiology services may be 
unavailable. 


Provision of Adequate Resources 


Recently, there have been numerous publications that have 
emphasized the need for building intensive care capacity in 
low-income countries.!-? An ICU that is set up rationally 
would prioritize basic and inexpensive therapies and fit into 


FLOWCHART 1 Measures to mitigate the risk of critical illness 
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a coordinated service that benefits all critically ill patients.!* 
The exact nature, size, and structure ofthe ICU would depend 
on the case-mix that is prevalent in that area, the financia] 
and human resource that can be accessed, as well as the 
community needs. Focus on simple therapies such as close 
monitoring, appropriate and adequate fluid resuscitation, 
oxygen therapy, pain management, and monitoring of 
urine output are likely to make an impact on the outcome of 
patients, particularly in resource-limited settings. 

Three stakeholders are involved in the provision of 
healthcare in India, namely, the public sector hospitals, 
the not-for-profit charitable organizations and the for- 
profit private sector hospitals. Capacity building in all 
these three sectors is important to increase the number 
of beds available to treat critical illness. The mandate by 
the government to allocate at least 10% of the beds in the 
private sector hospitals as hospital free beds does benefit 
a small subset of patients who cannot afford expensive 
treatment. However, there is still be a huge shortfall in the 
number of beds needed to meet the demand for critical care 
and hence other principles of resource allocation may need 
to be considered. . 


Optimal Utilization of Resources 


Healthcare in India is a fundamental right enshrined in 
the Constitution of India. This means that the principle 
of equity needs to be applied, in that every individual has 
equal right to access to healthcare including critical care 
services. 5 However, in reality, due to the gross demand- 
supply mismatch, the principle of utility which is generally 
recommended to be applied in situations of mass disaster 
or pandemics may need to be considered. The principle of 
utility. suggests that resources should be used to provide 
the maximum possible health benefits, often understood as 
“saving most lives”! However, it must be emphasized that 
an appropriate balance needs to be struck and allocation of 
resources should be done in an open and transparent process 
taking into consideration local circumstances and cultural 
values.'* 

A recent study from India lookedat cost utility in intensive 
care patients as a scientific way of allocation of intensive care 
resources. In this study, utility was scored by the ICU doctor 
as well as the medical doctor as a score between 0 and 1 with 
incremental scores of 0.1. A utility score of 1 was given, if the 
patient was likely to have perfect health in terms of quality of 
life as well as preserved longevity, in terms of quantity of life. 
A score of 0 was assigned to death. Scores between 0 and 1 
represented varying severity of illness as well as the perceived 
quality of life following recovery from critical illness. In the 
study, utility score of less than or equal to 0.3 on day 2 was 
associated with a survival of 8.3%, while a score of more 
than or equal to 0.8 on day 5 was associated with a survival 
of 94.6%. The authors argued that a patient with a low-utility 
score on day 2 should be given a "short" trial of ICU care for 
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a period of 2-3 days to ascertain response to therapy and 
then a decision should be made on continuation of ongoing 
aggressive treatment.'® This philosophy of an “ICU trial" is 
not new since policies for the treatment of cancer patients 
needing intensive care in the United States evolved from 
“just say no”!” in 1898 to "consider saying yes"? to an “ICU 
trial"? in the last decade. On the other end of the spectrum, 


‘those with a high-utility score on day 5 had a high probability 


of survival and hence these patients could be considered 
for transition from a high-intensity area to a lower intensity 
area, particularly, if the requirement for organ support was 
minimal. The application of scientific ways of assessing 
prognosis and allocating resources to tiered levels of ICU may 
help to optimize the utilization of intensive care services.”° 
However, this requires further study and validation. 


Resource Pooling 


Resource pooling, a concept well accepted in management 
circles, is another method of ensuring optimal utilization 
of healthcare resource. There has been recent interest 
in resource pooling in the health sector. Centralized 
functioning may reduce manpower and equipment 
requirements. On the other hand, services that are organized 
around patient groups may be able to provide focused, 
quality care.?!?? Critical care units in developed countries 
are predominantly mixed medical-surgical units. However, 
in India, critical care units have often developed around 
specific specialties. Thus, the medical critical care units 
are run by the physicians, the surgical critical care units by 
the anesthetists, the cardiothoracic critical care units by 
the cardiothoracic surgeons, and so on. Decentralizing of 
critical care as medical, surgical, neuro, or cardiac critical 
care, while having its merits of focused, high-quality care, 
often tends to result in duplication of services (e.g., point of 
care testing, need for ventilators, pumps, etc.), and need for 
increased nv mber of trained manpower (nursing, medical, 
and technical) to service each of these areas. Resource 
pooling ofnurses, trained in basic and advanced life support, 
ventilation, and hemodynamics, is already happening in 
developed countries where nurses are allocated on that 
specific shift to areas that require them. Such pooling will 
optimize manpower resources. The provision of larger 
mixed medical-surgical ICUs separated out as pods for ease 
of function, but colocated is another attempt at pooling and 
optimizing resources in the ICU. 


& INTENSIVE CARECOST _ 


Intensive care is expensive since this field demands an 
interdisciplinary approach along with high-technology 
monitoring and interventions." The high-capital cost of 
equipments, salaries and wages of healthcare workers and 
expensive drugs and consumables, keep the cost of intensive 
care beyond the reach of many people. Ihere are very few 


cost studies on intensive care from India.”**> The computed 
cost of a "critical illness" varies not only due to the type of 
illness and illness severity, but also on where care has been 
provided (public or private) and how costing was done 
(direct and indirect cost vs. fixed and variable cost). In one 
of the earliest studies on cost from India published in 1999,” 
the cost per survivor was estimated to be 117,029 (average 
cost per day of 11,973), treated in a multidisciplinary ICU 
of a tertiary care public hospital. In a more recent study 
in a respiratory ICU in North India, published in 2013, the 
cost was estimated to be 110,364 per day.?* In a study from 


-Christian Medical College, Vellore, published in 2015, the 


total cost of treatment for a critical illness (with a median 
stay of 7 days) was around %132,000, which included bed 
charges, nursing and professional fees, laboratory tests, 
radiology, blood products, oxygen and medication. In this 
study, the authors observed that the cost of treatment was 
significantly (p = 0.0001) higher during the first 3 days of ICU 
admission (119,218 per day) than in the subsequent days 
(314,690 per day). 

Cost cannot be measured only in terms of money paid 
toward treatment but also needs to be looked at in terms of 
indirect medical and nonmedical costs. In one study from 
India, this cost was estimated to be around 140,000 in a 
semiurban setup, in addition to direct medical costs;?? the 
low-cost estimate attributed to the large proportion of patients 
and families who belonged to the lower socioeconomic 
status. In addition to direct and indirect medical costs, the 
component of intangible cost of a critical illness, which is 
generally not assessed, transcends monetary value. 

The cost of critical care must also belookedatin the context 
of family earnings. In one study, the total family earnings per 
annum in two-thirds of the patients admitted was estimated 
to be less than the total direct medical cost of intensive care.” 
This was further reflected in the family's willingness-to-pay 
assessments where families were willing to contribute to 
only 5396 of the total cost of treatment, this despite the family 
borrowing heavily to support treatment.!976 This results in a 
huge burden of subsidy that falls on the healthcare provider. 
This burden, while easier to be supported by nonprofit 
organizations (as money is allocated for charity or subsidy), 
may be difficult to support in the for-profit sector. 


How can the Burden of 
Intensive Care Unit Cost be reduced? 


intensive care unit cost can be reduced by: (i) resource 
pooling, (ii) improve, adapt and overcome, (iii) cost 
minimization, and (iv) health insurance and schemes. 

As outlined above, resource pooling of man, machine, and 
material (the three dimensions of cost) will help to optimize 
ICU resources and potentially translate to lower capital cost 
and manpower cost. This cost benefit can be passed on to the 
patient. Improve, adapt, and overcome is another strategy 
that can be successfully emploved to indigenously develop 
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equipments, consumables, and drugs at lower production 
and marketing cost. 

Cost minimization is probably another way of looking 
at alternative treatments or strategies that may result in cost 
savings." Cautious and judicious application of therapies 
that have been shown to work in developed countries may 
not be universally applicable in the Indian context. For 
example, implementation of daily interruption of sedation 
in our setting where 1:1 nursing may not always be possible 
can be associated with higher self-extubation rates, need 
for reintubation, and prolongation of hospital stay, thereby 
increasing cost. Strategies of tight glycemic control, at the 
time when it was recommended, was resource intense 
and tended to reduce nurse time to other more important 
activities of care. In the absence of 1:1 nursing, delivery of 
continuous feeds through gravity assisted means or low- 
cost feeding pumps reduced the time taken by nursing staff 
to stand at the bedside to give bolus feeds with utilization 
of such time for other activities. Such improvisation to meet 
local needs is essential to keep ICU costs down and improve 
care so that outcomes can be optimized. 

Another bane of intensive care in India is the high 
incidence of nosocomial infections. This is compounded by 
the high level of resistance of microorganisms to first second 


line antibiotic therapy, which in turn escalates treatment 


costs. In a recent study from Christian Medical College, 
Vellore,” it was found that infections acquired during ICU 
stay were associated with almost a doubling of cost (median 
%92,893 vs. 180,469) and hospital stay (12.4 vs. 21.8 days). 
Interestingly, such infections were not associated with 
increased mortality. The incidence ofICU-acquired infections 
in developing countries is higher than in developed countries 
and this adds significantly to cost. Antimicrobial stewardship, 
rigid enforcement of infection control practices, appropriate 
management of central venous lines, and measures to reduce 
ventilator-associated pneumonia would help to keep ICU 
cost down. 

Health schemes initiated by the government have also 
played a role in mitigating cost for patients from a poorer 
socioeconomic background. For example, the Tamil Nadu 
Chief Minister's Scheme provides assistance to people from a 
low-socioeconomic background by health insurance through 
a third party. Although the quantum of assistance is limited, 
such support reduces the risk of patients from being pushed 
down the poverty line. 


fj CONCLUSION 


Meeting ICU costin resource-limited settings is a challenging 
task. A multifaceted approach is required not only to reduce 
the cost of intensive care but also to provide adequate 
resources and manpower as well as focus on interventions to 
reduce hospital-acquired infections. The 10 major priorities 
for intensive care in India outlined in a recent publication 
is an important step forward to meet the needs of our 
country.? This involves organization of critical care services, 


effective prehospital care, accreditation of ICUs, antibiotic 
resistance, disaster preparedness, making intensive care 
affordable, education and manpower development, 
knowledge translation, and end-of-life care.?? However, the 
more important philosophical question always remains. 
Is intensive care cost effective in low-resource settings? A 
recent study from a middle income country with limited 
access to ICU appears to suggest so.*° This study reported 
that provision of intensive care was associated with a median 
number of life years gained per patient of 30 (inpatient quality 
reporting 16-40) with a quality of life index of 0.64, translating 
to 18 quality-adjusted life years?) Although such information 
is not available from India, these results coupled with the 
enthusiasm from the critical care community in India offers 
hope for those who require these services in India. 
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Severity of Illness Scores and Their Role in 
Assessing Intensive Care Unit Costs 
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H INTRODUCTION c. siete acis, 


In most hospitals, intensive care unit (ICU) beds form 10 
to 20% of the inpatient bed strength but account for a third 
of the total inpatient cost.’ It is estimated that only 10% of 
ICU beds in India are in government-run hospitals. Unlike 
in developed countries, government spending accounts 
for approximately 17% of healthcare expenses, 20% of the 
population is covered by some form of health insurance and 
a vast majority of patients pay out-of-pocket for inpatient 
costs.^? The recently published Indian Intensive Care Case 
mix and Practice Patterns (INDICAPS) study revealed that 
80.5% of 4,038 patients admitted to 124 Indian ICUs were 
self-paying.’ Thus, besides consequences of morbidity and 
mortality from critical illness, cost of ICU care can also have 
a major financial impact on the family of an average ICU 
patient. According to the National Sample Survey Office of 
India, the cost of medical treatment has outpaced inflation 
in rural and urban India. As a result, there is increasing focus 
on cost-effectiveness and cost-benefit analysis of healthcare. 
Comparisons between costs in various health care systems are 
often made. It is, therefore, important to understand various 
factors that determine ICU costs and how comparisons can, 
or cannot be made between various hospitals or healthcare 
models to decide if one model is superior to another. This 
article focuses on how case mix, diagnosis in individual 
patients, and the quality and quantity of care delivered in an 
ICU can influence ICU costs. 


© FIXED AND VARIABLE 
& INTENSIVE CARE UNIT COSTS _ 


Intensive care unit cost can be divided under nom heade 
based on the purpose of the analysis. Cost may be divided 
into indirect cost which would include costs shared between 
different units in the hospital (e.g., real estate, electricity, use 
of lifts, water supply, administration, security) while direct 
cost would be cost incurred on the unit being studied; the 
unit could be an ICU, or on a more micro-level, an individual 


patient.9* When looking at costs at individual patient level, 
costs can be divided in fixed costs that are incurred regardless 
of ICU occupancy (indirect charges plus bed costs, basic 
wages, cost of equipment and their depreciation value, 
maintenance, linen, etc.) and variable costs which would 
include costs varying with occupancy rates and needs of 
individual patient’ which in turn would depend on the 
diagnosis, organ dysfunction, need for consultation with 
different specialties, use of mechanical ventilation, renal 
replacement therapy, extracorporeal therapies, medications, 
blood products, nutrition, laboratory tests, radiological 
imaging, length of ICU stay, etc.5? This basic understanding 
of ICU cost analysis will help appreciate the role of individual 
patient scores in cost analysis and. comparison. 


& INTENSIVE CARE UNIT 
| SCORING SYSTE TEMS AND THEIR UTILITY 


Senis systems used in the ICU are mainly philology 
based and have been devised to assess severity of illness. 
Scoring systems have been used since the early 1980s and 
have evolved greatly over the last 3 decades. Most severity 
scores [Glasgow Coma Scale (GCS), Acute Physiology and 
Chronic Health Evaluation score (APACHE), Simplified 
Acute Physiological Score (SAPS), Mortality Prediction 
Model (MPM), and Possum score]are based on anatomical, 
physiological, and therapeutic variables and the patient's 
diagnosis? Each variable in the score is given a weightage 
and the sum of these weighted scores gives the final score 
which correlates with the severity of illness and in-hospital 
mortality. Many updated versions of scores like the APACHE 
I, II, HI, and IV; MPM I, II, and III, and SAPS], II, and III have 
been published with increasingly sophisticated methods used 
for data collection, assigning weights, and creating outcome 
prediction models in order to make them more generalizable 
and improve accuracy of outcome prediction. 

Though initialiy devised for predicting individual patient 
outcomes, these scores were found to perform poorly for 
predicting outcome at an individual patient level, but have 


SECTION 10: Economics of Intensive Care Unit Care 


proven extremely. useful to predict outcomes in groups 
of patients? Consequently, they are extensively used in 


- benchmarking ICU performance by calculating standardized 


mortality ratios (actual mortality/predicted mortality), 
and also in clinical trials to ensure that only patients with a 
prespecified severity of illness are included in the trial, and 
also to confirm that patients randomized to two or more 
treatment arms are of comparable severity.99 

Another group of scores are the organ dysfunction 
scores that include sequential organ failure assessment 
(SOFA), organ dysfunction score (ODS), and logistic organ 
dysfunction score (LODS). These too have prognostic 
significance, but also serve to describe patient populations 
and in research studies to compare prevalence and 
severity of organ dysfunction in two-treatment arms, or 
in different ICUs. These scores are often used in addition 
to the general severity scores described above, to analyze 
subgroups of patients for the purpose of benchmarking ICU 
performance.? 

One severity scoring system, the therapeutic intervention 
severity score (TISS), though originally proposed as an 
outcome prediction model, differed from the other scores 
in that it assigned scores to all monitoring and therapeutic 
interventions performed in critically ill patients.!! This was 
based on the premise that more severely ill patients would 
need more intensive monitoring and more therapeutic 
interventions.?!! Thus, patients with a higher TISS score 
would be more ill and therefore have worse outcome. 


- This approach had a major limitation—it did not permit 
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comparisons of outcomes between ICUs or between 
countries because with different case—mix, requirements of 
therapeutic interventions could differ. Moreover, depending 
on the technology available in different ICUs, therapeutic 
interventions performed may differ. In a resource limited 
country, some interventions may not be available or rarely 
used (e.g., continuous renal replacement therapy versus 
slow extended dialysis, use of intra-aortic balloon pump, 
extracorporeal membrane oxygenation vs. conventional 
ventilation). Despite its limitation in predicting outcomes, 
TISS has been extensively used to quantify the care provided 
in ICUs or to specific groups of patients.!*"!> The omega score 
and a variant of the TISS, the Nine Equivalents of Nursing 
Manpower Use Score have also been used for the same 
purpose.®!©!’ These scores have also been used to quantify 
nursing manpower requirement and are now grouped as 
activity scoring systers.9? 

Both severity of illness scores and activity scores are 
useful to assess ICU workload or care requirements and have 
been used te standardize cost calculation." This is based on 
the premise that patients who are more critically ill, older 
patients, and those with more comorbidities would require 


higher resource allocation, longer ICU length of stay and thus: 


higher costs.! This approach has several benefits as well as 
limitations.9191? 


Need for Scores to make 
Cost Comparisons Meaningful 


Bertolini et al. compared cost differences in managing 
patients with COPD in ICUS versus respiratory intermediate 
care units (RICU).? They prospectively studied 60 ICU 
patients from 15 ICUs and 65 patients from 6 RICUS in Italy. 
They found that the cost of treating patients in ICUs (€1,507) 
was double of that for treating patients in the RICUs (€754).'9 
However, a closer look at the patient characteristics revealed 
significant differences in patient characteristics. ICU patients 
had a mean SAPS II score of 33.6 versus 25.7 for RICU patients. 
They also had lower GCS, multiple organ failure, new for 
vasoactive drugs. Compared to patient in the RICU, ICU 
patients also required more enteral or parenteral nutrition, 
laboratory tests, invasive lines, neuromuscular blocking 
drugs, and coagulation tests. However, use of mechanical 
ventilation, antibiotics, bacteriology, bronchodilators, and 
specialist consultations were comparable. Thus, after 
considering all these factors that would contribute to the 
variable cost of treating patients, the higher cost for treating 
the patients admitted to the ICU seems appropriate. This 
example highlights the need to interpret costs only after 
looking at case mix, severity scores, and activity scores. 


Use of Severity of Illness Scores in Cost Analysis 


The APACHE score correlates as the major determinant of 
the total ICU cost and the average daily cost indicating the 
use of higher resources and longer stays in the group of sick 
patients.!^!? This was elegantly described by Dahl et al. who 
used the APACHE system to make three groups of acuity of 
illness based on predicted mortality. They found that patients 
who had a predicted mortality around 10-50% incurred a 
higher ICU daily cost than those whose predicted mortality 
was <10%. Also those patients whose mortality prediction 
was beyond 50% had a 28% higher average daily ICU cost.” 

Several studies have shown that cost of treating non- 
survivors is higher than cost of treating survivors.”! Therefore, 
it is intuitive that groups of patients with higher severity 
scores will have higher mortality rates and therefore higher 
hospital costs.??! Adrie et al. studied cost of treating patients 
with sepsis in French ICU patients. They found that on 
multiple linear regression analysis that older age, emergency 
surgery, and APACHE II score were independently associated 
with higher cost. Angus et al. analyzed outcomes and 
associated cost of care of severe sepsis in the United States.” 
They found that the average cost of treating a patient with 
severe sepsis was $22,100. The average cost increased from 
$19,500 for those with one organ failure to $32,800 for those 
with failure of four or more organs.'? Moran et al. have found 
that the APACHE III score on the day of admission was an 
important variable that could be used to predict ICU cost in a 
multicenter Australian study.” 
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However, this relation between acuity of illness to cost 
is not completely linear? In fact, the relationship between 
severity scores and ICU cost is quite complicated. Breslow 
and Badawi used an electronic ICU database and found that 
severity score on admission correlates with length of stay 
(and therefore cost).!° However, the correlation was stronger 
for survivors than nonsurvivors. The authors suggested that 
sicker patients require longer time to recover and would 
consume more resources." On the other hand, nonsurvivors 
had a shorter length of stay. Thus, ICUs with better outcomes 
(where severely ill patients have better survival rates than 
predicted by their severity score) would have higher costs 
per patient than an ICU where more severely ill patients 
died.!° This observation emphasizes the importance of 
not only calculating day-1 severity score to describe the 
severity of illness of patients admitted to an ICU, but also the 
need to calculate the standardized mortality ratio (ratio of 
observed mortality/predicted mortality) before making cost 
comparisons. 


Use of Activity Scores in Cost Analysis 


Many activity scores have been used to estimate cost of 
intensive care. Activity scores have been more effective than 
severity scores in estimating ICU costs.®” The TISS system 
has been most extensively used for this purpose and was 
devised as a method to compare patient care quantitatively 
among patients in the intensive care unit and originally 
consisted of 76 activities which were assigned scores.!! This 
was then simplified and the number of items were reduced 
from 76 to 28.!! This modified TISS system has been used in 
many countries and found to be a useful predictor of ICU 
costs.!* 5 [n fact many studies have been able to estimate cost 
per TISS point which could be a more realistic indicator of 
the standardized cost of intensive care in a health care system 
(Table 1).3-152*?7 However, cost per TISS point should only 
be interpreted by taking into consideration severity of illness 
and standardized mortality ratios. 


Cost per the Therapeutic Intervention Severity Score 
point reported in various studies 


TABLE 1 


Authors Year of 


publication 


Country . Cost per 


TISS point 


L | Finland 

| Dickie et ala | United Kingdom | 
p N LE E fern" 
“Hariharan etal?” 2007 | Trinidadand — £13 


i Malstametal^ | 


: 1998 | United States 


i Clermont et al.!5 


TISS, Therapeutic Intervention Severity Score. 


Dickie et al. in their study of 257 ICU patients from the 
United Kingdom demonstrated that TISS reliably measures 
the cost in the overall ICU population.” However, the relation 
of the TISS score to the individual patient cost was not very 
robust and the difference between the estimated cost and 
the actual cost differed by as much as 16596. Considering that 
activity scores may be a surrogate for variable costs and not for 
the fixed ICU costs, this observation is not surprising. Moran 
et al. studied daily TISS and omega scores and correlated 
them with actual ICU costs in 1,333 Australian ICU patients 
and found that omega score was more useful than TISS and 
that total cost could be predicted by omega score, APACHE III 
score on admission, and ICU length of stay." They concluded 
that a combination of severity scores and activity indices 
could more accurately predict individual patient's ICU cost." 


Scores and Cost Analysis in 
Indian Intensive Care Units 


While a few studies have performed cost analysis in Indian 

ICUs,}38-39 several factors need to be considered before 

applying scores to perform cost comparisons in various ICUs. 

e The disparity of the health care system (rural vs. urban 
divide with respect to the resources and expertise 
available) prevents delivery of a uniform standard of care 
for a particular severity of illness 

* Amount of care may vary for the same illness based on 
the size of the hospital even in large cities 

e Wide variability in the availability, quality and cost of 
equipment used for various treatments (e.g., ventilators, 
bedside monitors), pharmacy cost beween hospitals, 
level of training, and expertise of nurses may significantly 
alter total cost and cost per TISS point 

e The nurse patient ratio ranges from 1:2 to 1:4 in Indian 
ICUs, and manpower costs accounts for 25-50% of 
variable ICU costs 

e Finally, although severity and activity scores may help in 
adjusting for some of these differences in levels of care 
in Indian ICUs, cost differences should also take into 
account survival rates in ICUs being studied since cost 
are higher in ICUs where very severely ill patients are 
treated and with better outcomes. 


& CONCLUSION 


Use of scores as a surrogate for ICU costs have limitations and, 
by themselves, have not been found to be useful to completely 
predict variable costs per patient. On the other hand, they 
could have an important role in comparing health care costs 
in different health care systems or ICUs by standardizing for 
case mix, severity of illness, quantity of care, and outcomes. 
This should be done in five stages: 
1. Are the patients admitted in the two ICUs comparable? 
Severity scores could be used to ensure that baseline 
severity of illness in patients in the two ICUs is similar. 
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2. 


5. 


Are the patterns or organ dysfunction similar? Organ 
dysfunction scores could be used to quantitate the 
number of organ systems affected and also the specific 
organs that will require support. 

Are outcomes in both ICUs comparable? The standardized 
mortality ratios should be compared. Although baseline 
severity of illness is the same, higher costs in one ICU may 
be due to lower mortality, which correlates with greater 
length of ICU stay and higher cost. 

Is the quantity of care provided in the two ICUs 
comparable? Use of activity scores will help in this 
comparison-total TISS per patient or day-1 TISS could be 
compared. 

What is the cost per TISS point? Lower cost in one ICU 
could be because of lower quantity of care, so that cost 
per TISS point may be the same in both ICUs. Conversely, 
lower cost per TISS point would mean more efficient 
delivery of intensive care, provided that all previous 
indicators are comparable. 

Finally, while standardizing costs for making, comparisons 


is only one aspect of health economics of intensive care. 
However, it should not be seen independent of the primary, 


or 


secondary, and tertiary healthcare system in the country 


region. This is especially important when making 


comparisons across completely diverse healthcare systems as 
in international or regional comparisons. 
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Stroke Units: 
Are They Cost Effective? 


Kapil Zirpe, Rohit V Kodagali 


INTRODUCTION . 


Stroke is a leading cause of death and disability worldwide.! It 
is also known to be the second most common killer amongst 


all noncommunicable diseases? Stroke survivors often, 


have to deal with severe disabilities for the rest of their life 
and are unable to return to their prestroke functionality. 
Moreover the cost of care for stroke is also high.34 From an 
Indian perspective, it becomes very important to prevent or 
minimize disabilities due to stroke. 


In India, the incidence of stroke is estimated to be 145-- 


patients per 100,000 population." This gives us an estimate 
of 1,700,000 stroke patients each year based on the 2011 
census. While the Western countries have adopted the 
stroke unit concept, stroke units are predominantly available 
only in private hospitals in urban areas only. As of 2007, only 
15 primitive stroke units existed in India." 

The objective of this review is to provide an insight into 
the utility and cost effectiveness of stroke units in India. 


BSTROKEUNTS —/&— 


Astroke unitis defined as "a dedicated, geographically clearly 
defined area or ward in a hospital, where stroke patients are 
admitted and cared for by a multiprofessional team (medical, 
nursing and therapy staff) who have specialist knowledge, 
training and skills in stroke care with well-defined individual 
tasks, regular interaction with other disciplines and stroke 
leadership. 

Stroke units are generally defined across seven fields of 
actions: 
Ensure vital functions 
Provide early diagnostic investigations 
Allow basic surveillance 
Stroke-specific therapeutic interventions 
Perform general therapeutic and diagnostic interventions 
Start secondary prevention 
Combine this with multiprofessiona] early mobilization 
and rehabilitation procedures. 


Ti S'uR QD er 


Stroke patients admitted to hospital should receive 
organized care within designated stroke units staffed by a 
multidisciplinary team (medical, nursing, physiotherapy, 
occupational therapy, and speech therapy) with an active 
interest and expertize in stroke care.? 


Infrastructure of a Stroke Unit 


As per the guidelines laid down by the European Stroke 
Organization (ESO), it should ideall consist of two 
functionally different segments, which will be operated by 
the same stroke team.9? 

* Segment A: Acute stroke monitoring ward: 

9 At least four dedicated stroke beds are required, 
providing a 24 x 7 continuous monitoring of vitals like 
electrocardiography (ECG), blood pressure, oxygen 
saturation, and temperature 

e Segment B: Postacute step-down stroke unit: 

o This segment should ideally include approximately 
twice the number of beds compared to segment A. 
However, the number of beds and length-of-stay 
varies locally and needs to be decided based on a 
regional approach, taking into consideration the 
stroke unit admissions per year. One monitored bed 
is recommended per 100 patients per year because 
the average stay on monitoring has been calculated 
to be 3 days.!? 

Most stroke patients should ideally be admitted to 
segment A for a minimum of 24 hours on a case-to-case 
basis. Confirmed stroke mimics may not need admission to 
segment A. Common features of a stroke unit are tabulated 
in table 1.!! 

Ideally, formal multidisciplinary meetings should 
happen at least once a week for each patient that is admitted 
into the stroke unit.!! Early assessment of discharge needs 
and a comprehensive discharge plan involving patient and 
caregiver is a necessity for stroke units. 

Setting up a stroke unit has its own difficulties including 
lack of skilled personnel, lack of infrastructure, and high 
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TABLE 1 Features of stroke units 


Assessment and monitoring 


Medical ' Systematic clinical history and examination, 


routine investigations (mandatory) —serum 


` biochemistry, hematology, electrocardiogram, 


CT investigations in selected patients— 
carotid Doppler, echocardiogram, MRI 


Nursing ! General care needs, vital signs, swallow 


; assessment, fluid balance, pressure-area risks, : 


neurological monitoring (Glasgow Coma 
; Scale, National Neurological Institute of 
d Health Stroke scale) 


Therapy 


| Assessment of impairments and funcion 


Early management of stroke 


Careful management of food adi fluids 
| (often intravenous saline over first 12-24 h) 
; monitoring and treatment of infection, 
pyrexia, , hypoxia, hyperglycemia - 


i t Physiological 
, management 


D mobilization _ Early measures to get patient sitting up, 


! standing, and walking (preferably within first 


“Nursing c care | Careful positioning and handling, and 
| pressure-area care management of 
_ swallowing problems. Avoidance of urinary 


| catheters, if possible - 


CT, computed ndai MRI, magnetic resonance imaging. 


TABLE 2 


turnover of personnel.' However, hospitals need to overcome 
these administrative hurdles to pass on the significant 
benefits of stroke units to the patients. 


- STROKE UNITS VERSUS GENERAL CARE 


Inarecent Cochranereview performed in 2013 including 5,855 


patients, admission in a stroke unit showed reductions in: 


e Odds of death recorded at final (median 1 year) follow- 
-up [odds ratio (OR) 0.87, 95% confidence interval (CT) 

0.69-0.94; p = 0.005] 

e Odds of death or institutionalized care (OR 0.78, 95% 

CI 0.68 to 0.89; p = 0.0003) 

e Odds of death or dependency (OR 0.79, 95% CI 0.68 to 

0.90; p = 0.0007). 

Table 2 gives the odds ratio estimates for stroke unit 
admissions versus alternate care in the prespecified 
subgroups. 

As evident from table 2, outcomes were independent of 
patient age, sex, stroke severity at presentation or stroke type, 
and appeared to be better in stroke units based in a discrete 
ward as compared to alternative care. In effect, stroke unit 
admissions improve outcomes in all stroke etiologies and not 
only ischemic strokes. 

Overall, stroke units have shown the following benefits 
compared to the alternate modalities of care in stroke 
patients:1?-18 


Analysis of patient characteristics on effectiveness of organized stroke unit care versus alternative service for the outcome 


of death or institutionalization by the end of scheduled follow-up 


Tios (adas ratio) | 


; Control — 


d Total 


Odds ratio 


Odds ratio 
IV, fixed 959 % a 


| Subgroup 


i | Moderate stroke 


15 1057(041,079 | -- 
ue k Ae us dep dus A mem 


IV, fixed, 95% Cl y 
071043119. | 
1 072 (0.51, 0.99) | 


— —— 
i 


| P interaction = 0.99 


1075 ©. 54, 1 04) 


a MÀ i 


P interaction = 0.24 


“Severe stroke i 
PA EE 
‘Infarct. -0462 (0128 "s i 
Hemorrhage —— -Q 04937 


VV, intravenous; CI, confidence interval. 


01389 


| 90 , 071(027,1.87). 


I (0. 33, 0.70) 


= 063 (0.49, 081) 


| 
0.01 0.1 1 10 100 | 


e Reduced mortality 

e Decreased dependency of stroke patients 
e Higher chances of discharge to home 

e Decreased length-of-stay 

e Reduced costs. 


2 QUALITY INDICATORS 


While the benefits of stroke unit admissions over alternate 

care is very apparent, it is important to note that quality 

indicators of organized stroke care need to be adhered to. In 

the absence of formalized Indian guidelines, the ESO quality 

parameters for organized stroke care are listed below:® 

e Percent of acute stroke patients treated with intravenous 
thrombolysis having a door-to-needle time <60 minutes: 
ideally, atleast 80% of all patients need to be thrombolysed 
within 60 minutes 

e Percent of all acute patients with stroke as the pre- 
dominant pathology admitted to the hospital treated on 
the stroke unit (or the intensive care unit, if appropriate) 

e Percent of brain imaging by computed tomography (CT) 
or magnetic resonance imaging (MRI) in every suspected 
stroke 

e Percent of ischemic stroke patients with antithrombotic 
therapy (antiplatelet medication) at discharge: at least 
85% should be maintained 

e Corresponding antithrombotic therapy (anticoagulation) 

at discharge in patients with atrial fibrillation: at least 85% 

should be maintained 

Percent of stroke unit patients screened for swallowing 

disorders. 


Enid 


COST EFFECTIVENESS OF STROKE UNIT 


While there is no cost effectiveness study done in India, 
a published article has concluded that in low- and 
middle-income countries including India, the challenges 
notwithstanding, the potential gains from development of 
stroke units are substantial." Table 3 elucidates the potential 
costs and benefits of stroke unit versus conventional wards.!? 
The cost of management of acute stroke is largely attributable 
to hospital care and the direct costs are largely attributable 
to nursing care and inhospital overheads.” Table 4 gives the 
break-up of the proportion of direct costs due to the different 
aspects of stroke care in the hospital.” While this information 


Potential cost and benefits of stroke unit care versus 


TABLE 3 : 
conventional wards 


; Potential costs 


Potential benefits 


| * Better survival 

: * More patients regain 
] independence 

; * Fewer patients require 
| home nursing care 


` e Stroke unit staffing 


. * ? Increased investigation and 
treatment cost 
: e More intensive rehabilitation 
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TABLE 4 Proportion of direct costs for inhospital care in stroke 


Aspectsofcare ^^ ` | Proportion of direct costs (96) 


Nursing 81 
Hospital overheads 14 
Investigation 2 
Therapy 1.6 
Medical care + drugs 0.5 


is from the United Kingdom, the situation may be similar in 
an Indian scenario as well. 

In studies performed in the United Kingdom, it was 
ascertained that a stroke episode costs the National Health 
Service (NHS) approximately £8,536 per episode.!® For every 
100 patients treated, resources to the tune of £25,596 can 
be freed by utilizing stroke unit admissions as compared to 
conventional care.!® 

A study looking at the economic burden of stroke in India 
has concluded that costs related to stroke hospitalization is 
approximately 235,000.” A study performed in the United 
Kingdom has shown that the incremental cost effectiveness 
ratio of stroke unit admission followed by early supported 
discharge (ESD) is £10,661 compared to general medical 
ward admission without ESD.” This study concluded that 
stroke unit care admission followed by ESD is a cost effective 
strategy leading to a substantial gain in years of life saved.” 

Tummers et al. have showed in a meta-analysis of 
economic benefits of organized stroke care that care in 
stroke units is more expensive than conventional care, 
but has shown improved health outcomes.” Home-based 
rehabilitation leads to better health outcomes but is unlikely 
to lead to cost savings.” 


& CONCLUSION 


Stroke units reduce costs and length-of-stay are associated 
with better outcomes for patients irrespective of etiology and 
have been shown to be a cost effective intervention for stroke 
patients. 
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Regaining Quality of 
Life in Intensive Care Unit Survivors is 
Possible, but at What Cost? 


Peter E Spronk 


P INTRODUCTION 1 


Patients admitted to the intensive care unit (ICU) constitute 
a relatively small group, but consume a lot of resources with 
inherent costs. In the United States, up to 30% of total hospital 
costs are related to critical care services.! These ICU costs per 
day may be 4-6 times higher than the average daily cost in 
a non-ICU hospital environment, which will be influenced 
by the size of the ICU, staffing, and case-mix.? Nevertheless, 
these ICU-related costs are not very good as a predictor of 
final outcome, e.g., most patients recover after severe critical 
illness, but will become economically productive only after 
long rehabilitation trajectories? Indeed, the authors have 
shown in a long-term prospective cohort study in 749 Dutch 
patients that survivors regain their age-specific health-related 
quality of life (HRQOL), if corrected for natural decline. 
Others have shown in 109 survivors from acute respiratory 
distress syndrome that they suffer from exercise limitation, 
physical and psychological sequelae, and decreased physical 
quality of life at 5 years after ICU discharge, and consequently 
have an increased use of healthcare services with inherent 
extra costs.? 

Nevertheless, this bears the question, whether the burden 
of ICU stay related to the disease and the related costs are 
balanced to the long-term quality of life gained after hospital 
discharge? And whataboutthe costsrelated to consumption of 
other healthcare services like physiotherapists, occupational 
therapists, speech and language therapists, dieticians, and 
help at home? In other words, what is the cost-effectiveness 
of ICU treatment to our patients, if ethical aspects of decision 
making are not taken into account? 


E INTENSIVE CARE UNIT-RELATED COSTS — 


When considering ICU-related costs, there are many 
problems. No standardization exists how to measure and 
define costs, reimbursement does not match actual costs, 
incentives are frequently lacking to optimize cost-benefit 
and probably most important, actually measuring costs is 


labor intensive, and very complicated. In addition, actual 
costs cannot be predicted based on admission diagnosis, 
which results in serious under-reimbursement when 
applying a diagnosis-related group (DRG)-based system." 
Most ICU physicians have no knowledge about cost of 
most items in their patients, although a majority indicated 
that they would appreciate a better understanding of cost- 
related issues in the ICU, if asked specific questions about 
the subject.!! Cost as well as reimbursement in European 
ICUs is widely variable," although within country 
variability was not studied. 

Several cost types should be considered. Direct costs are 
all costs related to goods and supplies, while indirect costs 
are related to the fact that the patient is in the ICU and is 
not able to maintain his economic capacity. Obviously, the 
latter factor is very difficult to quantify. Costs are explained 
by several cost-drivers, e.g., staffing, drugs, and equipment 
applied in patient care. One can imagine that if more drugs or 
machines are used on an ICU day then this will increase ICU- 
related costs for that particular patient on that particular day. 
These costs are, therefore, termed variable costs, while costs 
for staffing and maintaining the building and equipment 
are termed fixed costs, i.e., these costs are incurred anyway, 
irrespective of activity in the ICU based on availability. 


Reimbursement 


To match reimbursement to actual ICU-related costs, two 
approaches may be chosen: (i) a bottom-up system, where 
all activities at a patient level are assessed, quantified, and 
accumulated in a total patient-specific bill or (ii) a top-down 
system, where total costs are related to an ICU level, split up 
by predefined cost-drivers, e.g., the cost-block system in the 
United Kingdom including staff, clinical support services, and 
consumables as well as nonclinical support services, capital 
equipments (Fig. 1).'€!? Since fixed costs determine >60% of 
ICU-related costs, length of stay in the ICU is an important 
discriminating factor. Indeed, length of stay in the ICU, rather 
than specific patient data, explains 85-90% of interpatient 
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variation in hospital costs, which underlines the relevance of 
the use of this variable. '? It also illustrates that confidence in 
this generalized approach to heterogeneous patient groups is 
economically reasonable. In 2003, Rapoportet al. showed that 
if weighted length of stay was calculated, individual patient 
characteristics explained 26% of variation. The first day was 
even four-times as expensive as a non-ICU hospital day, while 


"from day 2 onwards, ICU days were approximately 2.5 times 


as expensive as a non-ICU hospital day.' These data were 
corroborated by a more recent Japanese study demonstrating 
that fixed costs explained up to 89% of ICU-related costs. '? 
In order to improve the matching between costs and 
billing, one could argue that hospital-weighted days may be 
a reasonable approach as suggested by Rapoport, although 
the multipliers used in that study were rather arbitrary and 
deserve further study. Others have mentioned systems 
including severity of illness,” or moving toward a pay for 
performance (P4P) system using quality indicators like 
readmittance rate, incidence of central line-associated 
bloodstream infections or decubitus, or compliance with 
current guidelines.?'-? Indeed, the Society for Critical Care 
Medicine published a P4P critical care task-force report 
expressing the need for an incentive-based reimbursement 


1 Equipment 
2 Heating of building, maintenance, write off 


3 Nonclinical personel: Management, kitchen, 
administration 


4 Clinical personel: Physical therapy, laboratory, 
radiology 


5 Materials: Disposables, medication 


6 Staff. Doctors, nurses 
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system." They defined five quality measures that could 
be expanded over time and should be re-evaluated. The 
American ‘Ihoracic Society also endorsed a P4P system, but 
stressed the problems related to-a penalty-based system 
since some complications de occur, whatever, the measures 
that are taken to prevent that complication.” 

In the Netherlands, a simple, but foolproof and easy 
to check system was introduced in 2005 based-on ICU 
calendar dates consumed during patient care in the ICU.” 
The basic background idea was that all things done with/ 
to a patient in the ICU period should be included in the 
reimbursement fee to balance with actual costs. That system 
was able to reflect total costs on an aggregate level and as 
such is useful for negotiations with hospital administrators, 
insurance companies and other specialties in the hospital. To 
accomplish this, the ICU period had to be disconnected from 
other DRGs and was reimbursed as an “add-on product’??? 
The authors showed that DRGs severely underestimate ICU- 
related costs and a system based on DRGs would, therefore, 
result in serious under-reimbursement to hospitals. This 
confirms older data from the United States where the authors 
also concluded that a wide variability in length of stay did not 
match a low variability in daily ICU-related costs." ' 


FIG. 1: Cost bricks are based on predefined cost blocks (panel A) and may differ from setting to setting (panel C). Multipliers should be used 
to validate the locally applied system. A, Cost blocks according to Edbrooke.!9'7 B, Cost brick incorporating all cost blocks. C, The size and 
composition of cost bricks are not equal in different settings 
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:i QUALITY OF LIFE AND COSTS 
= AFTER HOSPITAL DISCHARGE 


During the recovery process of ICU survivors, the question 
will surface to which location or facility patients should 
be discharged in order to deliver services related to 
rehabilitation or specific care that cannot be offered in an 
ICU environment. Indeed, a single center study in the United 
States demonstrated that after 1 year follow-up of long-stay 
ICU survivors, patient experiences a median of four different 
transitionsofcarefacilitiesand spent 75% of days alivein either 
a facility or with paid healthcare assistance. Average costs 
per ICU survivor for the first year accumulated to $300.000 
while total one-year accumulated costs for independent 
survivor was estimated at $3.5 million.” This variability in 
transitions bears the question, whether it would be more 
proficient to centralize this posthospital care in specialized 
facilities. In the United States, a long-time experience exists 
with so-called long-term acute care (LTAC) facilities. The 
number of LTACs is growing exponentially, related to better 
ICU care and steadily decreasing mortality rates, but also to 
more comorbidities and increasing age of our patients. In 
the period from 1997 to 2006, the number of LTACs in the 
United States increased from 192 to 408.? The use of LTACs 
was driven by the fact that hospitals were paid a set amount 
for each patient rather than have payments determined by 
actual costs.?? About 50% of the LTACs are currently for-profit 
organizations and increasingly colocated to a short-term 
hospital. Whether LTACs are colocated or freestanding from 
a hospital does, however, not seem to affect costs, although 
readmission rates seem lower in colocated LTACs.*° This 
may be caused by easier inhouse consultancy by intensivists. 
Indeed, the care of those LTAC patients requires knowledge 
about multiple organ dysfunction. Single organ outclinic 
services and experience is frequently not sufficient to match 
the spectrum of problems that these chronic critically ill 
suffer. Also, the propensity of being readmitted to the hospital 
of those patients is relatively high when compared to patients 
those were admitted to the hospital for other reasons than 
acute critical illness. 

The LTAC units illustrate the fact that many ICU 
survivors consume a lot of healthcare resources during 
their recovery process. A Canadian study showed that the 
consumption of these services proved to be strongly related 
to comorbidities in ARDS survivors? The investigators 
estimated direct medical charges and equated costs that 
included hospitalization, emergency room and outpatient 
visits, professional fees, drugs, laboratory and radiology tests 
and procedures, outpatient and inpatient rehabilitation, 
home care, and services provided in a long-term care facility. 
Outpatient costs declined over time from CAN$9,000 in 
the first year to CAN$4,500 in year 2, further decreasing to 
CAN$700 in year 5.° Similarly, the authors have shown that 
Dutch ICU survivors also consumed a considerable amount 
of healthcare services after hospital discharge.*! After 6 


months, 50% of the patients still required daily medical 
nursing care at home, 42% used physiotherapy sessions, 16% 
required a social worker, while 16% still used the service of 
a professional dietician.*! Nevertheless, Finnish investigators 
concluded that despite lower HRQOL 1 year after ICU 
discharge, if compared to a healthy matched population, 
costs per 1 year predicted lifetime quality-adjusted life year 
(QALY) was reasonable regardless of disease severity, age, 
or type and duration of mechanical ventilation during ICU 
stay.** This confirms earlier data from the United Kingdom 
and Germany where the incremental cost per QALY gained 
of ICU treatment was £7010 or €20.000, respectively, which 
was considered highly cost-effective, if compared to other 
commonly used health interventions.” The reporting of the 
costs per QALY gained is now considered to be the standard 
and optimal way of reporting cost utility.9 


i INDIRECT COST EFFECTS. 


Patients are not able to work during critical illness and are 
thus economically ineffective. Moreover, <10% of patients 
with prolonged mechanical ventilation resume their jobs 
after recovery." On the other hand, the patient being 
critically ill or in a devastating recovery shape drains a 
huge amount of efforts and energy from spouses and close 
family members. The financial impact of critical illness on 
families is often neglected and poorly understood by society. 
This process is inducing long-term. psychological. distress 
lasting more than a year after ICU discharge?? Indeed, 
serious financíal problems may occur in family members 
of critically ill survivors, including losing a lifetime savings, 
and bankruptcy.?? Particularly, family members of younger, 
poorer and more functionally dependent patients are at risk 
of losing most or all of the family's savings. 


g THINGSTO CONSIDER — 


From a health-economic point of view, cost benefit in any 
ICU patient will be highest in those patients who are admitted 
for a very short time independent of final outcome given the 
reimbursement. However, particularly in dying patients, this 
certainly would not balance the burden of ICU admission to 
the patient and family members in relation to final outcome 
and related costs. Should all patients be admitted to the ICU 
in the first place? In some cases, it would have been more 
humane to consider other options than intensive treatment 
modalities in an ICU environment, such as a palliative 
care in the ward. In the United States, but also in several 
European countries, palliative care teams are increasingly 
part of hospital staffing. Consultation will often lead to 
better understanding by patients and family members that 
sometimes unfortunately cure is not an attainable option and 
focus of caregivers should be on care instead. This will result 
in an optimal balance between the burden of disease, quality 
of life gained, and costs (Fig. 2). Indeed, daily costs spent on 
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Professional 
care 


ICU-related costs 


HRQOL, health-related quality of life; QALY, quality-adjusted life year; ICU, 
intensive care unit. 
FIG. 2: The balance between disease burden, attainable health-related 


quality of life and/or quality-adjusted life years and the influence of 
professional care givers on intensive care unit-related costs 


ICU nonsurvivors may be even higher than daily costs spent 
on survivors?" 

Another thing to consider is the necessity for an ICU in 
any hospital environment, i.e., whatever acute problems may 
occur in patients, the ICU team will be there to take care of 
the problem. This service should be present irrespective of 
actual care being delivered to already admitted patients in 
any hospital. The proposed cost-brick system takes care of 
a simple and transparent balance between yearly costs and 
reimbursement. However, it lacks incentives to discharge 
patients from the ICU. In the United Kingdom and other 
countries, a shortage of ICU beds will be a strong motivator 
to discharge patients from the ICU, whenever possible. In 
contrast, this motivator is lacking in environments where 
the number of ICU beds is exceeding actual demand as is 
the case in many hospitals in the United States. This brings 
the question of how to include "motivators" to discharge 
patients from the ICU in those environments. As suggested, 
P4P variables may be included, but they should be carefully 
chosen, depending on local circumstances since they may 
seriously impact reimbursement and consequently the 
capacity to deliver a high quality of care in the ICU. 


B CONCLUSION 


Awareness by care-givers of ICU-related costs is the first step 
in an effort to improve health utility in critically ill patients. 
Also, depending on the setting, a standardized approach is 
needed to make comparision between countries and settings 
sensible. The costbrick system that was proposed may be a 
first small stone in the pond. Future studies should evaluate 
whether a combination of a cost-brick method with P4P 
variables and locally validated multipliers may be a useful 
concept that can be used in any healthcare setting. Most 
importantly, such a model should incorporate costs related 


to the frequently intense and long-term rehabilitation costs 
after hospital discharge of ICU survivors. 
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Ethical Issues in 
Resource Allocation for Critical Care 
in Resource-limited Countries 


Shivakumar S lyer 


$ INTRODUCTION 
Ethical dilemmas pervade resource allocation in healthcare 
at all levels, especially in resource-limited countries. This 
is especially true in India and other low- to middle-income 
countries. In India, healthcare expenditure as a percentage 
of gross domestic product (GDP) has hovered around 1-1.596 
for the last 5 years and is the lowest among BRIC (Brazil, 
Russia, India, and China) countries and higher only than 
Myanmar among countries of the South East Asia region.! It is 
not surprising therefore that government health expenditure 
in India is focused on preventive programs rather than 
providing inhospital curative care including critical care. 

Rationing often used synonymously with resource 
allocation refers to the allocation of healthcare resources in 
the face of limited availability and necessarily means that 
beneficial interventions are withheld from some individuals? 
This article explores the general principles of resource 
allocation in healthcare at the macro level (macro-allocation) 
and their application to critical care units at the micro level 
(micro-allocation). 


RGENERALPRINCIPLES— —— — — 


Resource allocation needs to be justified on the basis of 
effectiveness as compared to cost at one level and according 
to principles of equity and justice at another level. 


Cost Effectiveness 


Cost-effectiveness analysis is performed by calculating all 
costs and savings on the one hand and all the benefits and 
risks on the other. The ratio of costs/savings to benefit/risk 
thus obtained acts as a comparator for comparing health 
interventions. A cost-effectiveness analysis based on the 


ethical principle of “utilitarianism” is the currently preferred 

method of comparing health interventions and is used both 

in micro- and macro-allocation of healthcare resources. 

Social utilitarianism is based on three key assumptions: 

1. Good is determined by consequences at the community 
level, which are the summation of individual utilities 

2. Allutilities are equal in the metric used to measure them; 
loss of benefit to some is balanced by the delivery of an 
equal benefit to others 

3. Utility leads to the most efficient use of healthcare 
resources for the greatest community benefit.? 

Costs are calculated by various methods like the United 
Kingdom cost blocks method, the international program for 
resource use (IPOC), or sometimes simply by measuring the 
therapeutic interventions severity score (TISS score).*9 Often 
costs incurred by caregiver families, loss of income, and loss 
of property are not taken into account. These are especially 
important in developing countries where a single critical 
illness can lead to lifetime impoverishment of the family. 

The effectiveness of health interventions is measured 
using the concepts of quality-adjusted life years (QALYs) and 
disability-adjusted life years (DALY’s). The essence of a QALY 
is that it takes a year of healthy life expectancy to be worth 1, 
but regards a year of unhealthy life expectancy as worth less 
than 1. Its precise value is lower the worse the quality-of-life 
of the unhealthy person.’ 

Several ethical considerations are required while using 
QALYs to measure effectiveness of health interventions.® 


Whose Preferences should We Use for 
Determining Quality-of-life? 
Typically, people without disabilities tend to assign a lower 


quality-of-life to disabled people. This will result in fewer 
QALYs produced by lifesaving interventions for disabled 
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persons than for normal persons. On the other hand, people 
with disabilities will assign lesser value to interventions 
targeting prevention. 


Lives Saved Versus Preserving Life Years as in 
Quality-adjusted Life Years 


All things being equal, people would prefer interventions 
that produced equal benefits for a longer time than those that 
produced benefits for a shorter time. Evidence suggests that 
people may give more weightage even to benefits for a shorter 
period provided those benefits are considered significant. 
The controversy over life years versus lives saved, however, is 
far from settled. 


Should the Group that Evaluates the Benefit 
of an Intervention be Randomly Selected or 
Should It Be the Group with the Particular 
Disability or Disease? 


Persons without disabilities generally evaluate the quality- 
of-life with a particular disability as significantly worse than 
do persons who have that same disability, thus producing 
lesser QALYs for that intervention. This may be because of 
lack ofunderstanding ofthe quality-of-life of individuals with 
disability by individuals who do not have any disability. Using 
- individuals with disability to evaluate interventions for that 
disability may, however, result in lesser weightage being given 
to interventions doc used on prevention and rehabilitation. 


What Costs Should Count in 
Health Cost-effective Analysis? 


Controversy arises whether the indirect economic costs of a 
health intervention should figure in calculating the costs of a 
health intervention direct. From a utilitarian point of view all 
direct and indirect costs must be accounted for. World Health 
Organization (WHO), however, uses the "separate spheres" 
view at the macro-level to separate out the health costs or 
benefits to individuals from the economic effects in general 
as otherwise people would be viewed solely as means? 


Should Life Years Be Age Weighted? 


Alan Williams suggests that fairness that individuals should 
each receive a "fair innings of QALYs in their lives.’ The 
earlier a preventable death occurs and the worse a person's 
past health the greater is the unfairness the person suffers. 
Thus the younger a person is the greater is the moral urgency 
of providing him the health intervention in question. This, 
however, is by no means universally accepted as it may be 
viewed as unfair to older individuals. 


Should Health Benefits/Costs Be Discounted? 


The idea behind discounting costs is that the same amount 
of money is worth more, if received today than say in 
10 years because it can be invested at the market rate of 
interest if received today. Health benefits, however, cannot 
be viewed similarly. For example, a vaccination program 
will save many more lives in the future at a lesser cost than 
say treating pneumonias at present. However, if we were to 
apply a discount to the lives saved in future by vaccination, 
then we would prefer treating pneumonias with antibiotics 
in the present. This approach would tend to place preventive 
programs like vaccination at a disadvantage as compared 
to curative programs using interventions like antibiotics. 
Discounting health benefits as opposed to costs is, therefore, 
considered controversial but nevertheless needs to be taken 
into account. 


Competing Ethical Principles for 
Resource Allocation 


While cost-effective analyses based on the principle of 
utilitarianism dominate discussions about resourceallocation 
at the macro-level there are several other competing ethical 
principles in resource allocation both at the macro- and 
micro-level (Table 1). 


To Each an Equal Opportunity—Egalitarianism 


Egalitarianism or offering equal or fair chances to everybody 
either based on a lottery or on a first come first served 
basis seems intuitively right and has been favored by the 
general public in limited surveys.'° Egalitarianism offers 
fair chances to everyone to avail beneficial interventions 
but the result may not always be the best outcome for both 
individual patients and society at large. One needs to take 
into account patients’ needs and likelihood of benefiting 
from the intervention both in the short-term and in the 
long-term.” The appeal of an egalitarian solution is greater 
when the difference in outcomes between the programs is 
relatively small compared to the gain or loss to individual 
patients, 


TABLE 1 


Competing ethical principles for resource allocation 


Ethical principle 


Explanation 


: Cost effectiveness— To each to maximize overall dualis 
: utilitarianism ; , adjusted | life years — 


Í ilo each an equal opportunity 


wMpeadcipienn Weed 


! Egafitarianism. 


;Prioritarianism - OT each to favor the worst- -off 


The rule. of rescue - To save those facing i imminent death. 
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To Each to Favor the Worst-off—Prioritarianism 


Priority to the worst-off satisfies our concern for justice as can 
be seen in the oft-quoted statement "you can tell the justice of 
asociety.by howit treats its least well-off members; in the well- 
known Difference Principle in John Rawls’s theory of justice.’ 
Worst-off dees not always mean those that are economically 
worse off (the poor), it may mean those with the worse health 
(the sickest). The separate spheres view suggests that worst- 
off should be taken to mean those with worse health for the 
purpose of healthcare resource allocation. Giving priority 
to the sickest may, however, produce worse outcomes and 
may face the problem of providing marginal benefits to fewer 
people at very great costs. Prioritarianism has also been taken 
to mean giving priority to the young because they have had 
the least chance to live through their life cycle as compared 
to older people. This life cycle principle has been advocated 
in the allocation of scarce resources like ventilators in an 
influenza pandemic. 


To Save Those Facing Imminent Death—the 
Rule of Rescue 


Humans feel a great emotional impulse to rescue those 
facing imminent death no matter how small the benefit or 
how small the chance of rescue. This has been described as 
the rule of rescue. One must, however, guard against false 
rescue especially when death is inevitable in the short-term 
despite the intervention. An obvious example is the use 
of cardiopulmonary resuscitation (CPR) in terminally ill 
patients. This is even more so when the patient has explicitly 
requested to withhold life-sustaining interventions. 


FAIR PROCESSES OF 
a RESOURCE ALLOCATION — 


Given the myriad moral tensions that arise in healtheare 

decision-making, it is important to have a multi-principle 

approach rather than a single-principle approach for 

resource allocation both at the micro- and macro-level. It is 

important also to use fair processes for healthcare resource 

allocation. Four characteristics of such fair processes have 

been proposed: 

1. Oversight by a legitimate institution 

2. Transparent decision making 

3. Reasoning according to information and ethical 
principles that all can accept as relevant 

4. Procedures appealing and revising individual decisions. 
Afifth characteristic that has been proposed is meaningful 

public engagement.'*!5 Such public engagement helps 

to explore the values of the public stakeholders and gain 

valuable public support for ethical resource allocation. 


j| IMPLICATIONS FOR RESOURCE 
3 ALLOCATION IN CRITICAL CARE IN 
à INDIA AND THE DEVELOPING COUNTRIES 


The daily cost of intensive care unit (ICU) in India may be 
100 times the per capita income and can result in the rapid 
impoverishment of affected individuals and their families. 
This fact brings in its wake a number of painful ethical 
dilemmas for intensivists both during triage of critically ill 
patients at admission and in deciding regarding withholding- 
withdrawing therapy in terminally ill patients at the end-of- 
life in ICU (Table 2). Such dilemmas may result in ethically 
questionable solutions like slow code on the one hand where 
clinicians may unilaterally take decisions perceived to be in 
the best interest of patients and families and practices like 
“leave against medical advice” (LAMA) or “discharge against 
medical advice” that unfairly put the onus of decision making 
on the family and leave patients to die without appropriate 
palliative care. 

Persons with disability or the elderly may unfairly have to 
bear the brunt of rationing decisions. 

Solutions to these ethical dilemmas are not easy and will 
require concerted effort at all levels 

At the state level, increasing healthcare budget 
expenditure for seriously ill patients and providing minimum 
facilities for rescue at primary care centers along with 
necessary training in managing emergencies should be 
seen as an urgent necessity. Expanding current government 
insurance schemes for selected categories of critical illness 
like sepsis, tropical illnesses and trauma will help avoid 
impoverishment of poor families. Indigenization and local 
manufacture of expensive equipment can substantially 


TABLE 2 Ethical dilemmas 


Clash of ethical 
principles 


Questionable 
` solution 


Example of dilemma 


| ventilator . 


j Autonomy vs. | Patient or sutrogateunable — | Slow code i 
: beneficence to decide. Doctors convinced | 
1 ; about lack of benefit or harm. : i 
EEA seek sey SSE RE 
| Beneficence vs. Tips Ga convinced about _ Discharge j 
i autonomy i benefit to patient, relatives — | against medical | 
i i um H : i 
: ; unable/not willing to bear — ; p advice | 

cost | i 
SE SE E Lan 
i Equity, distri- i ; Young patient v. vs. elderly frail | Younger person i 
; butive justice < with pneumonia-requiring — ' receives care | 


NS. s. autonomy 


T 

| Beneficence vs. | Terminally, patient in in 
‘autonomy | cardiac arrest receives 
i ; cardiopulmonary 
í resuscitation but surrogates : | 
| expressly do not wantsuch 
, treatment 


“False rescue 
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reduce costs. This requires collaboration between intensive 
care professionals, technologists, and industry and public- 
private partnerships. 

At the hospital level, framing appropriate policies 
for triage of critically ill patients and auditing such triage 
decisions periodically will be necessary to improve the 
quality-of-care provided to seriously ill patients. Policies for 
early identification of futility and appropriate end-of-life 
measures will also help to reduce unnecessary costs.'® 

At the individual level, training in clinical ethics for 
medical students both undergraduates and postgraduates 
and practicing clinicians and constitution of clinical ethics 
committees for resolving ethical dilemmas will go a long way 
in improving the care of our patients. 


R CONCLUSION. 


Cost effectiveness based on social utilitarianism is the 
currently preferred ethical principle for healthcare allocation 
at the macro-level (governments). A multi-principle 
approach incorporating utilitarianism, equal opportunity 
(egalitarianism), priority to the worst-off (prioritarianism), 
and the rule of rescue need to be employed both at the macro- 
and micro-level (hospitals and individuals). Fair processes 
including meaningful public engagement are necessary for 
appropriate resource allocation. Innovative solutions are 
needed for ethical dilemmas arising in resource allocation 
for seriously ill patients in resource-restricted settings at all 
levels. 
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